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INTRODUCTION 
In the improvement of crop plants the breeder is constantly faced 
with the problem of identifying superior material based on subjective 
evaluation with a heavy reliance on intuition. Such evaluation presents 
difficulty due to the masking of heritable variations by non-heritable 
variations, making the identification of superior genotypes difficult. 
An objective selection procedure is desirable since most characters 
of economic importance are controlled by many loci, and progress in a 
breeding program depends upon increasing the frequency of favorable 
alleles. Identification of superior genotypes is often difficult due to 
fluctuations in phenotypic expression. These fluctuations arise from the 
additive genetic effects, dominance effects, epistatic effects, and their 
interactions with environment. Increasing the frequency of the favorable 
allele results in genetic improvement, which is dependent upon additive 
genetic variance in a segregating population. 
The selection index approach offers an objective method of evaluation. 
With reasonably accurate measurements of the characters of interest, popu­
lation parameter estimates can be obtained through the pertinent statisti­
cal procedures. These estimates may be utilized to obtain optimum pheno­
typic weights to be used in the construction of a selection index for that 
population. However, calculation of a specific index for each population 
in each generation for a particular species is laborious. 
The general index approach may have merit as a practical plant breed­
ing tool. A general index is based on the assumption that within a species 
certain genetic relationships exist between and among characters ; and that, 
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within limits, the genetic relationships are relatively constant across 
varieties and strains. On this assumption, the "proper" pooling of esti­
mates from as many segregating populations as possible should give reliable 
estimates or the true relationships. The general index allows the breeder 
to select objectively without the task of index construction for each 
generation. A general index would need periodic adjustment due to changes 
which may occur in the economic weights and as more precise estimates of 
the population parameters became available. 
The objectives of this study were to evaluate the following: (1) a 
general selection index, (2) an average selection index, (3) specific 
selection indices, and (4) to compare all indices with random and with 
phenotypic selection. These objectives were evaluated using Fg derived 
lines in the Fg, F^, and generations from four hybrid soybean popula­
tions. 
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REVIEW OF LITERATURE 
Research in soybean genetics has been in progress in the United States 
since the early 1920's. Much of the early research was concerned with 
investigations of simply inherited characters. This work contributed to 
the improvement of the early soybean varieties, but as information on soy­
bean genetics accumulated, it became obvious that characters of economic 
importance were more complex in their inheritance. 
As quantitative genetic theory developed, soybean breeders applied 
this knowledge to segregating populations. The earliest attempts dealt 
with parent-offspring relationships; that is, with the determination of 
heritability and early generation evaluation. More recently, partitioning 
genetic variation into various components has increased selection effi­
ciency. 
Early generation evaluation was studied by Weiss, et al. (1947). Fg 
spaced plants and bulk populations from 17 crosses were evaluated as pre­
dictors of the final performance of the selections. F^ plant information 
was found to contribute significant information on yield, maturity date, 
and lodging. Bulk populations were found to give limited information on 
lodging resistance and height, but were of little value in evaluating seed 
yield and maturity date. 
Torrie (1958) evaluated 11 soybean crosses grown as unselected bulks. 
He found, as did Weiss, et al. (1947), a significant cross x year inter­
action. His evaluation indicated that when different generations were 
grown in the same year, the differences among crosses for seed yield were 
consistent. In both years differences due to generations were not signif-
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leant for plant height, days from emergence to maturity, lodging score, 
bacterial blight reaction, percentage oil and protein in seed, and iodine 
number of the oil. It is evident that the heritability of these plant 
characters was markedly increased following the removal of genotype x 
environmental effects. 
Leffel and Hanson (1961) evaluated the Fg and Fg generations from 45 
diallel crosses in bulk and progeny tests at various locations. The data 
indicated prepotency of parents for all characters studied. Average 
effects of parents in crosses were especially prominent for seed yield, 
seed size, and maturity, while specific effects were relatively large for 
maturity date and plant height. With the possible exception of the F^, 
their results indicated that all generations were valuable in evaluating 
a line, when it was adequately tested in time and space. These results 
are in agreement with Fowler and Heyne for wheat (1955), Grafius, Nelson 
and Dirks for barley (1952), and Frey for barley (1954), in that the per­
formance of both parents and bulk populations is of value as a guide in 
predicting the value of a cross. 
Some of the possible explanations for the failure to recognize supe­
rior genotypes in early generations were summarized by Leffel and Hanson 
(1961) as: (1) genotype x environment interaction, (2) inadequate testing 
in time and space, (3) heterosis attributable to epistatic or dominance 
effects of genes which are not obtained or maintained in pure lines, 
(4) heterozygosity and hetrogeneity of genotypes within progenies, and 
(5) interplant and interplot competition. 
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Heritability 
Heritability in both the narrow and broad sense has been defined by 
Lush (1937). Heritability in the narrow sense is evaluated only on that 
variance attributable to additive gene action, while heritability in the 
broad sense includes other genetic variance components and their inter­
actions. The common computations of heritability have been based on the 
ratio of the estimates of genetic and phenotypic variance, or on the 
parent-offspring regression. Hanson (1963) discussed the effects of mode 
of reproduction and type of selection unit used on the concept of herita­
bility in plant genetics. 
He defined heritability in plant studies as follows: "Heritability 
is defined as the fraction of the phenotypic variability for a defined 
reference unit expected to be transmitted to the progeny (or propagules), 
or in terms of selection concepts, the fraction of the selection differen­
tial expected to be gained when selection is practiced on a defined 
reference unit." This definition would still require certain information 
regarding the reference unit and selection intensity. Johnson and Bernard 
(1962) indicated that most soybean breeders would accept two environments 
with two replications each, as the standard of reference in soybean work. 
Since plot size also influences phenotypic variance, some standard should 
have been proposed. 
Genetic Components 
In order to make maximum gain in a breeding program, information on 
the behavior of the factors controlling the characters must be obtained. 
Quantitative genetic theory has recently advanced to the point where, with 
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certain assumptions, it may be applied to populations of self-pollinated 
crops. Data from segregating crosses have been evaluated to determine the 
magnitude of the additive, dominance, additive x additive, and other 
genetic components of variance. Horner and Weber (1956) used maturity data 
from the Fg to F^ generations of a segregating soybean population to eval­
uate sample variance and covariance components in terms of genotypic 
variances and covariances. They found that a completely additive model 
fitted the data as well as did two more complex models, explaining 96 per­
cent of the variation among sample variances and covariances. Using the 
same segregating material, Gates et al. (1960), reported that linkage was 
of significant importance for flowering time, height, and yield, but not 
for maturity, time of flowering to maturity, seed weight, oil percentage, 
and lodging. Linkage in components related in form to additive genetic 
variance was found in all eight characters, while linkage in components 
related in form to dominance variances, was demonstrated only for plant 
height. 
Brim and Cockerham (1961), using a series of segregating soybean pop­
ulations, evaluated the magnitude of additive, additive x additive, and 
dominance components. The F^ to F^ generations were obtained by bulking 
in the previous generation, and progenies were also obtained from the 
crossing of randomly selected pairs of F3 lines within each cross. They 
obtained estimates of ten progeny components of variance and covariance 
for each of the nine characters considered: fruiting period, maturity, 
height, lodging resistance, unthreshed weight, seed weight in grams per 
200 seed, yield, and percentage oil and protein. These estimates were 
fitted to six different models of varying complexity. The results indi­
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cated that the majority of the variance was additive or additive x addi­
tive, and that the additive component was of greater magnitude than the 
additive x additive. The dominance contribution was found to be small, 
indicating that this component would be of little importance in selection. 
Data on expected progress among progenies suggested the value of advancing 
the material to the or F5 generation before selection. 
Hanson and Weber (1961), using the same material as Horner and Weber 
(1956) and Gates, et al. (1960), proposed an analysis of genetic material 
based on homozygous lines. They indicated that the critical evaluation of 
lines prior to the F5 would be questionable for three reasons: (1) the 
frequency of the heterogenous loci, (2) the necessity for estimating inbred 
variability from the n^ generation of selfs, and (3) interplant competi­
tion within the heterogenous lines. Various models were assumed and 
genetic expectations given. For example, if an F3 and later generation 
progeny is obtained by bulking, the expected genetic variability in the 
n^ generation of selfing (n large) was given to be: 
C(2;n,n) = [1/2 0^ + 1/4 0^ 4 -  . . . ] .  
This expectation would hold, provided the assumption of negligible inter-
plant competition is made, and that shifts did not occur in selfing and 
sampling techniques. If testing is done prior to the F^, a dominance bias 
arising from the loci which are still heterozygous, would be included in 
the expectations. They proposed the use of selfed progeny data, and of the 
variability based on homozygous lines in the evaluation of the additive 
and additive x additive components. Justifications were presented for the 
homozygous analysis, relative to an Fg or random mating population. 
Results from this approach gave significant additive components for 
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maturity, height, lodging, seed weight, and percent oil. A significant 
additive x additive component was found for percent oil, and there was a 
suggestion that epistatic variation may be of consequence in seed yield. 
These studies by Brim and Cockerham (1961) and Hanson and Weber 
(1961), although not in complete agreement on the importance of epistatic 
variation, do indicate that the additive component is the major component 
of genotype variance in hybrid soybean populations. However, it is evident 
that intensive studies over a number of environments are needed to more 
critically evaluate these genetic relationships. 
Character Relationships 
Selection for a character with a high environmental sensitivity is 
frequently possible through correlated selection, that is, through the 
selection of a different character which is highly correlated with the 
character of interest, but which is less sensitive to environmental vari­
ation, Woodworth (1932) presented phenotypic associations between yield 
and its components, such as nodes per plant, pods per node, seed per pod, 
size of seed, and number of abortive seed. He indicated that for the 26 
varieties evaluated, the characters were independent, with the exception 
of percentage of abortive seed and high seed weight with yield. Weather-
spoon and Wentz (1934) found that nodes per plant, pods per plant, and 
pods per node were significantly correlated with yield. Although some 
experiments had varieties in common, the associations in general were not 
consistent. 
Weber and Moorthy (1952), using replicated Fg data from three crosses, 
estimated genotypic and phenotypic correlations between all pairs of the 
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seven characters considered. They found that, in general, the genotypic 
correlations were larger than the phenotypic correlations. Positive pheno­
typic and genotypic associations were found between yield and height, and 
between yield and maturity. They indicated that environmental variance 
accounted for the major portion of the variance of seed yield from spaced 
plants. 
Johnson, et al. (1955a, 1955b) studied 24 characters in two popula­
tions of F3 lines of soybeans evaluated in the F^ and F^ generations. The 
lines were evaluated over locations and years in 1950 and 1951. Genotypic 
and phenotypic correlations were measured on an individual plant and plot 
basis. When measured on a plant basis, the relationships were found to be 
low and inconsistent for both populations. Correlations on a plot basis 
were more consistent; and, in general, the genotypic correlations were 
slightly greater than the phenotypic. The effects of linkage complexes 
were discussed as a possible source of differences in the correlations 
among characters in segregating populations. 
Johnson and Bernard (1962) presented correlations among a number of 
attributes from various soybean investigations. The variation in the 
magnitude of the correlation was attributed to the generation evaluated, 
size of experimental unit,and the extent of evaluation. The data indicated 
that few characters in soybeans can be considered to be reliable indicators 
of yield. 
Selection Procedures 
Selecting lines to be evaluated in later generations is frequently 
done from visual observation. The plant breeder makes the selection on 
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the basis of past experience and personal choice. Hanson, et al. (1962) 
reported results from visual discrimination for yield, using one random 
line per replicate from each of 45 soybean crosses in a diallei set. The 
random Fg derived lines were tested in the Fg and F^ at two Maryland 
locations. Three experienced breeders, working independently, visually 
classified the lines into three groups on yielding ability, i.e. the top 
nine lines, the second nine lines, and the bottom 27 lines. There was 
disagreement among the three breeders between their visual concepts of 
plot yield in the field and actual plot yield. For the obviously poor 
yielding plots there was good agreement. However, other plots were deceiv­
ing. For example, 35 plots which yielded in the top one fifth range were 
grouped by the breeders in the bottom range. Simple correlations between 
visual scale and yield ranged from .29 to .36 for the upper 20 and from 
.37 to .46 for the upper 40 lines. Also from multiple correlation, 
observers' mistakes in visual classification were correlated, with about 
half of the mistakes being independent. From standardized partial regres­
sion coefficients expressed relative to yield for four soybean attributes, 
they found that the visual concept of seed yield was influenced by all the 
measurements considered (seed yield, maturity, lodging, and height). 
However, individual evaluators were affected differently. Lodging was the 
principal factor involved in visual concept of seed yield. However, the 
phenotypic correlation based on plot values for lodging and seed yield was 
only -.23. The observer with the highest correlation between visual rating 
and seed yield, was less influenced by plant height and lodging, and more 
influenced by maturity. Maturity and seed yield had a phenotypic correla­
tion of +.51 for the study. Other characteristics of a plot, such as 
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pubesence color, were considered a possible source of bias. It was con­
cluded that visual discrimination on replicated plots would be of value 
only when working within a cross which had an extreme range of progenies, 
and should be used primarily to discard poor yielding genotypes. 
Attempts have been made to use correlation, heritability, and covari­
ance in a selection scheme. This permits more objectivity in the evalua­
tion of breeding material. 
Frey and Horner (1955), using two methods of computing heritability, 
studied the actual and predicted gains in barley. They reported that, from 
the component of variance method, the actual and predicted gains were, with 
the exception of one character, in very close agreement. Hanson and Weber 
(1962) reported good agreement between actual and expected genetic advance 
based on variance estimates. 
The selection index approach combines a number of attributes into a 
mathematical function, such that it can be used for the selection of 
superior individuals. Using different techniques, Smith (1936) and Hazel 
(1943) arrived at essentially the same method of index construction which 
theoretically gives maximum advance from selection. They found the infor­
mation necessary to construct such an index to be: (1) relative economic 
values of each character, (2) the genotypic and phenotypic variances of 
each character, and (3) the genotypic and phenotypic covariances (or cor­
relations) between each pair of characters. 
Smith (1936) extended the "discriminant function" procedure described 
by Fisher (1936), to multiple character selection in wheat. He proposed 
an approach which attempted to determine that discriminant function of the 
observable characters which would best indicate the genetic value of a 
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plant or line. Using various characters in wheat (yield components and 
other characters), he presented a worked example and discussed the effect 
of the size of experimental errors. For a selection intensity of 10 per­
cent, he found that the average yield of the selected lines would be 
approximately 23.5 percent greater than the mean of the population. The 
effect of a change in experimental error by decreasing plot size and keep­
ing the number of lines constant, decreased selection advance to an average 
of 21.0 percent. However, by keeping the area the same, reducing replica­
tions, increasing the number of lines tested, and increasing intensity of 
selection, the genetic gain was increased to an average of 29.0 percent. 
For practical application, Smith (1936) indicated that in the future, it 
may become possible to predict the variances and covariances likely to 
occur among a given group of characters. These predicted values would be 
used to construct a preliminary selection index for initial field selection. 
Hazel (1943) used the same theoretical approach but maximized the 
correlation among the characters. This gave the same results as that ob­
tained by Smith. Harris (1961) presented the theoretical relationship 
between the two approaches. Hazel obtained the phenotypic correlation 
estimates by usual interclass and intraclass correlation procedures. The 
method of path coefficients was used to estimate genotypic correlations. 
Economic weights were computed based upon the amount of profit expected to 
occur for each unit of improvement. He suggested estimating economic 
weights from long time price averages and cost of production figures. 
Using various selection indices for young boars and gilts, the estimated 
progress varied from 36 to 40 percent. 
Using procedures discussed by Smith (1936), Robinson, et al. (1951) 
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constructed an index for yield in corn which was predicted to be 30 percent 
more efficient than selection for yield alone. They emphasized that in 
selection of economic weights plant type as well as yield characteristics 
should be considered. However, when restrictions on plant type are con­
sidered, the progress in yield can be expected to decrease. 
Johnson, et al. (1955b) used a similar approach to evaluate two popu­
lations of soybeans. They found that the estimates of genetic progress 
in yield from the use of various indices indicated that selection based on 
the combination of fruiting period and seed weight, would be essentially 
as effective as one based on yield itself. The addition of resistance to 
lodging, oil percentage, and protein percentage resulted in a moderate in­
crease in efficiency. 
Brim, et al. (1959) constructed 15 selection indices involving 
combinations of oil, protein, yield, lodging, seed weight, and fruiting 
period for two populations of lines of soybeans. The selections were 
evaluated at two or three locations in the F^ generation. Three price 
ratios of oil and protein were considered for each population. The two 
populations differed in predicted advance for pounds of oil and protein 
over these price ratios. They discussed the reliability of estimates, 
their probable effects upon the advance, and indicated the possibility of 
pooling several estimates from closely related populations to obtain a 
more precise approximation to the true population parameters. While the 
conclusions were somewhat pessimistic concerning the use of indices, they 
indicated that the alternatives are even less desirable. 
Two reports indicate favorable responses from the use of specific 
indices in cotton. Manning (1956), using upland cotton, calculated an 
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index each season from data pertaining to the group of lines under selec­
tion. The actual advance realized in these studies closely approximated 
that predicted by the index. Due to specific environmental effects, he 
considered the most effective weighting of the traits to be a function of 
the particular season and generation tested. Consequently he assumed the 
model: 
8ij = H + gi + ej + (ge)ij + dijk 
where g is population mean over all years, 
g^ is average genotypic effect of the i'*1 progeny, 
ej is effect of the j^1 environment, 
(ge)ij is the interaction between the i1"*1 progeny and 
j ^  environment, and 
dijk *s experimental error. 
The expectation of genetic covariance between the i^1 trait and lint yield 
is: 
E(giw) = <rgigw + CT(ge)igw + °gi(ge)w + Œ(ge)i(ge)w " 
However, the maximum b coefficients are obtained from 
giw = <Tgigw + ff(ge) igw 
Estimating these two components alone would be beyond the scope of practi­
cal breeding programs. In the normal calculating procedures all four 
components are estimated. Manning (1956) indicated that pooling the accum­
ulated data would provide estimates of the quantity a plus the mean of 
gigw 
the remaining three elements of the covariance expectation for the seasons 
over which the data are pooled. These means would approach zero as the 
number of seasons increase. Although neither procedure provided exactly 
what was desirable, he felt that the pooling approach abandoned any hope 
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of capitalizing on the specificity of a particular season. 
Miller, et al. (1958) studied ten characters in each of three popula­
tions of and Fg lines of upland cotton, evaluated over years and 
locations. The various interaction terms and their relation to plant 
breeding procedures were discussed. Utilizing the information furnished 
by the variance and covariance relationships, selection indices were con­
structed and evaluated. In situations where the material was subjected to 
only limited testing, several of the indices, which included lint percent­
age, boll number, seed index, and yield, appeared to be of value as an aid 
to selection. Estimation of economic weights based on future market trends 
was discussed. Implications of the effect of variance and covariance 
estimates on selection and breeding procedures were also discussed. 
Hanson and Johnson (1957) outlined methods for calculating and evalu­
ating a general selection index obtained by pooling information from two 
or more experiments. They stated: "The purpose of combining two or more 
sources of data would be to minimize sampling errors, including the errors 
resulting from an inadequate estimation of environment x genotype inter­
action, and to broaden the extent of sampling of segregating populations." 
The authors indicated the difficulties or combining data and discussed a 
weighting procedure for data obtained for experiments with differential 
precision. Procedures were outlined for calculating the advance in genetic 
worth, and in individual characters, when selection is based on any set of 
phenotypic weights. From the theoretical considerations, it was shown that 
the ratio of the expected genetic advance for the general index to the 
maximum expected genetic advance for the data utilizing a specific index 
is the expected correlation between the weights of the phenotypic values 
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MATERIALS AND METHODS 
Genetic Material 
The experimental material used in this study was from crosses made 
at Ames, Iowa in 1957. Well adapted selected soybean varieties were cross­
ed with two phenotypically desirable sister strains. In addition, the 
sister strains were superior to the other parents in protein and oil. The 
crosses and parentage were: 
Cross Parentage 
AX141 C1105 x A4-3159 
AX143 Lindarin x A4-315 9 
AX144 Lindarin x A4-3202 
AX148 AX29-267-1-1-2 x A4-3202 
Parentage of parental strains: 
C1105 = (Mukden x Richland) x Mandarin (Ottawa) 
Lindarin = Mandarin (Ottawa) x (Mandarin x Manchu) 
AX29-267-1-1-2 = (Illini x Dunfield) x (Mukden x Richland) 
A4-3159 = (Mukden x Richland) x Capital 
A4-3202 = (Mukden x Richland) x Capital 
The F^ generation was grown as spaced plants at Ames, in 1958 and 
were bulked by cross. The Fg populations were grown in bulk rows, and 
approximately 250 random plants were selected and visually classified into 
three maturity groupings — early, midseason, and late. 
In 1960,each Fg line was grown and evaluated at the Agronomy Farm, 
Ames, Iowa, in a single replicate, eight feet long, 40 inches wide, and 
trimmed to six feet at harvest. Fifty F3 lines were selected at random 
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from each maturity group within each cross. This gave 600 lines which 
were subdivided into four crosses of 150 lines each. Each cross was 
further subdivided into three maturity groups of 50 lines each. These 50 
lines remained in the same cross-maturity group throughout the study. The 
maturity classifications were based on comparisons with three well-adapted 
check varieties — Blackhawk (early), Hawkeye (midseason), and Ford (late). 
The long-time average maturities of Blackhawk, Hawkeye, and Ford were Sep­
tember 18, 24, and 28, respectively. In each of the 12 subdivisions below, 
four entries of each appropriate check variety were included in each repli­
cated test. The check varieties were eliminated from population parameter 
estimations. 
Maturity Classification 
Cross Early Midseason Late 
AX141 AX141E AX141M AX141L 
AX143 AX143E AX143M AX143L 
AX144 AX144E AX144M AX144L 
AX14S AX148E AX148M AX148L 
In 1961, a bulk sample from each F3 line was advanced and evaluated in 
the F4 generation in two replications at the Agronomy Farm, Ames, Iowa. 
This test will be referred to as environment one. Each plot consisted of 
a 12-foot row, 40 inches wide, and trimmed to 10 feet at harvest. In 1962, 
a bulk sample from each F^ line was advanced and evaluated in the Fg gener­
ation with two replications at each of two locations — Squaw Creek Bottom 
and the Agronomy Farm, Ames, Iowa. These locations will be referred to as 
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environments two and three, respectively. Environment two was planted two 
weeks prior to environment three and, in addition, received approximately 
three inches of water by overhead irrigation on July 7. Environment three 
suffered mild moisture stress in August and September. Each plot consisted 
of a 13-foot row, 40 inches wide, and trimmed to 10 feet at harvest. 
In all years a uniform stand was obtained and plants were kept weed-
free. Growing conditions in all years were conducive to good character 
expression. Mean monthly temperature and precipitation departures from 
normal for the 1961 and 1962 growing seasons are presented in Table 1. 
Table 1. Mean monthly temperature and precipitation departures from 
normal for the growing seasons 1961 and 1962 at the Agronomy 
Farm, Ames, 1962 
Departures from normal 
Temperature °F Precipitation 
Month 1961 1962 1961 1962 
May -2.4 6.2 -2.71 1.03 
June -1.4 -1.4 -1.83 -1.18 
July -2.6 -3.5 2.49 .53 
August -0.9 -0.9 -1.70 -2.12 
September -2.8 -3.4 5.58 -1.59 
Mean -2.0 -0.6 Total 1.83 -3.33 
In 1962, Squaw Creek (environment two) received approximately the same 
temperature and precipitation departures as the Agronomy Farm with the 
exception of the three inches of overhead irrigation July 7. 
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Each of the eight attributes was evaluated on a plot basis in all 
generations studied. The methods of evaluating each characteristic were 
as follow: 
Seed yield - Air dried to uniform moisture before weighing, recorded 
in grams per plot and converted to bushels per acre. 
Maturity - Days after August 31 when 95 to 100 percent of the pods 
had turned brown. 
Plant height - Measured in inches from ground level to the highest 
part of mature plants. 
Lodging score - Scored on a mature row; scale ranged from 1.0 
(nearly all plants erect) to 5 (most all plants 
prostrate). 
Seed size - Recorded in grams per 100 seed from a randomly selected 
sample of clean, whole seed. 
Oil and protein percent - Computed on dry weight basis. 
Phenotypic score - Scored on the mature row; scale based on 1 (most 
desirable) to 5 (least desirable), based on an 
agronomically desirable check appropriate for 
the maturity taken as 2.5. 
Experimental Design and Estimation of Parameters 
The experimental design consisted of two replications of a randomized 
block design with a factorial arrangement of whole plots. Each whole plot 
contained 50 lines as sub-plots corresponding to a particular cross-matur-
ity group. For the purpose of this study, locations and years were 
considered as equal. Therefore, environment included generation, year, and 
location effects. Maturity groups and crosses were considered as fixed 
and environment as random effects. For one environment the following 
model was used: 
Xjklm = M + Rj + Tk + C1 + (TC)kl + eijk + Lklm + djklm » 
and similarly, the model for combining environments was: 
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Xijkl„ = H + Et + R. . + Xk + Cl + (IC)kl + (EX)tk + 
(EC)U + (ETC)lkl + eijkl + 1^ + (EL)iklm + dljklm , 
where environment; i = 1 to 3, 
Rj = j'*1 replication; j = 1 to 2, 
Tk = k1"*1 maturity; k = 1 to 3, 
= 1^ cross; 1 = 1 to 4, and 
Liklm = line in the Ie*1 cross, k'*1 
maturity and i1*1 environment; 
m = 1 to 50 . 
Combinations of symbols refer to interactions between and among 
factors indicated by single symbols. For example, (TC)^ refers to the 
interaction between genotypes of the k^ maturity, and the Ie*1 cross. 
Data from an individual whole-plot evaluation were examined separately 
and combined, with each environment given equal weight. This was based 
on the assumption that years and locations have equal value in measuring 
the performance of a genotype. Whole-plot analyses with expected mean 
squares are presented in Table 2. 
Due to the nature of the design, line evaluations (sub-plots) were 
obtained from a particular cross-maturity group (Table 3). Due to the 
volume of data, only the F4 and F4-F5 combined were analyzed. Inferences 
as to the behavior of the F^ alone was made by comparing the with the 
F^-F^ combined data. 
Estimates of phenotypic variance for the combined data were obtained 
from the relationship: 
rr2 - Line in M.G. in crosses mean square _ °e j. °im „2 
op _ 3 r — m * 
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Table 2. Combined analysis of variance and expected mean squares for 
whole-plot analysis 
Source d.f. Expected mean squares 
Environment 2 12ofi + 48 
Maturity Groups 2 4°jik + 16afk + 480* 
Crosses 3 
'ill + 12afi + 366\ 
Env. x M.G. 4 4iik + !6ofk 
Env. x Crosses 6 3ojkl + 12ofi 
Crosses x M.G. 6 
"jlkl + 4ailk + 12olk 
Env. x Cross x M.G. 12 Gjlkl + 4oilk 
Reps, in Env. 3 
"°jl 
Reps, in Env. x Crosses 9 4ll 
Reps, in Env. x M.G. 6 4lJ?ik 
Reps, in Env. x Cross x M.G. 18 °jlkl 
Three of the major components of error are: (1) variation inherent with 
the design, (2) variation associated with the particular plot size, and 
(3) variation attributed to research techniques. Therefore, when inter­
preting any calculation involving phenotypic variance, the experimental 
procedure must be investigated. 
Table 3. Sub-plot analysis of variance and mean square expectation 
Source of variation d.f. Mean square expectation 
A. Analysis for data one environment 
Lines in Maturity Groups in Crosses 
Lines in Maturity Groups in 1*"^ Cross 
Lines in l*"*1 Cross and Maturity Group 
Reps x Lines in M.G. in Crosses 
Reps x Lines in M.G. in lfc^ Cross 
Reps x Lines in l*"*1 Cross and k*"*1 M.G. 
B. Analysis for two or more environments 
Lines in Maturity Groups in Crosses 
Lines in Maturity Groups in 1^ Cross 
Lines in l*"*1 Cross and k^ Maturity Group 
Environments x Lines in Maturity Groups in Crosses 
Environments x Lines in M.G. in l*"*1 Cross 
Environment x Lines in lfc^ Cross and kfch M.G. 
Reps in Environments x Lines in M.G. in Crosses 
Reps in Env. x Lines in M.G. in 1^ Cross 
Reps in Env. x Lines in lfc^ Cross and kfc^ M.G. 
588 
147 
49 
588 
147 
49 
588 
147 
49 
1176 
294 
98 
1764 
441 
<j2 + rcr; 
°e(l) + rom(l) 
°e(lk) + roim(lk) 
at 
i(lk) 
- " • '  +  r i 0 £ ( l k )  
147 
ai + rCT?m + riCTm 
°e(l) + rcrira(l) + riam(l) 
ae(lk) + roim(lk)
CTe + r0im 
Œl(l) + raim(l) 
ae(lk) + roim(lk) 
^(D 
ae(lk) 
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The genotypic variance estimates were obtained by solving the mean 
square for lines in maturity groups in crosses to obtain the desired cr2 
estimate. Throughout this study the genotypic effect, m, reflects an 
average value of a line for the population of environments assuming loca­
tion and year effects on the attributes as a sample. Interpretations were 
made using the assumption that CT2 was the genetic variance among lines and 
represents the average line merit with respect to the population of envi­
ronments in the sample. Respective covariance estimates were obtained in 
a similar manner. 
Heritability 
Heritability estimates were computed as the ratio of phenotypic vari­
ance to genotypic variance on a mean line basis. Hanson and Weber (1961) 
reported that additive genetic variance comprises 96 percent of the total 
genetic variance by the generation. Thus, heritability in the F^-F^ 
combined generations herein would correspond closely to heritability in 
the narrow sense. As lines are evaluated more thoroughly, heritability 
computed on this basis permits more precise measurement of expected change 
in the effect of selection. Heritabilities should be interpreted on the 
basis of phenotypic and genotypic variances comprising their content. 
Theoretical Procedure 
The theoretical procedures used in this study were largely those of 
Smith (1936), and Hanson and Johnson (1957). Following their research, 
let G be the genetic worth of an individual, P the corresponding phenotypic 
value, and g^ the genotypic worth of a particular character. Since each 
g^ does not have the same relative economic value, a variable weighting 
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procedure is necessary. If a^ is the relative economic weight of the g^ 
character, the following relationship would express the genotypic value of 
the individual: 
G = £ aig1 
The genotypic values cannot be observed directly because measurements are 
made on the phenotypes and include non-heritable variations that do not 
accurately represent the genotypes. The phenotypic value can be expressed 
as: 
P = 2 biPi 
where p^ is the phenotypic value of the i^ character and b^ is any cor­
responding weight. 
By hypothesis the observed value of a character may be partitioned 
into two parts, g^ due to genotype and e^ due to environmental factors such 
that: 
Pi = Si + ei • 
We assume that the two parts are independent; that is, the covariance 
between g£ and e^ has an expectation of zero. Now let p^^, g^, and e^ 
be the variances of p^, g^,and e^, respectively; and similarly p^j, g^ , 
and e^j the covariances of p^ and p , g± and g^, and e^ and e^. Then the 
relationship: 
pit " + eii 
and 
plj " *ij + *lj • 
The variance of G is described as: 
V(G) = E [G-E(G)]2 
= E [L aigjL - Z a^]2 
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_ _ _ 2 
= E [ai8i + a2g2 ... + an8n - al8l - a^ ... - angn] 
= E [Z a^gj - g)]2 
= E [Z a^(gi - g)2 + 2 g a^ajCgi " - %)] 
£ ahii + 2 g aiaj8ij i'j 
= ZZ aiajgij • 
Similarly, 
V(P) = ZZ b.bjPij . 
Also the covariance, 
W » E [G - BG][P - EP] = ZZ a^bjgij . 
The regression of G on P was calculated by the expression: 
, • J- . M 
Vff) IX 
and 
B [V(P)]^ = W 
V v(p) 
then 
log B [V(P)] - log W - 1/2 log V(P) . 
Maximizing the above equation with respect to b^ we find B(Vp)^ is a 
maximum when 
f bjpij = j ajgij 
and we then obtain n equations of the general form, 
f Vij = ~w" f ajgij • 
where i is constant in each equation. The solution of these equations 
for b. is 
"}j = ~V~ J ' 
J b4 --JL 
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where the values of are given by the matrix, 
C11 C21 cnl 
c 12 °22 c2n 
:ln c2n cnn 
which is the inverse of, 
P11 p21 "• pnl 
p12 p22 pn2 
pln p2n •" pnn ' 
By using the relative values of the bVs, V is a constant in all equa-
J W 
tions and need not be evaluated. So, 
"j " ij aJgijCjl ' 
The expected genetic advance in standard measure for any set of b-'s is, 
6 - „  »  -
V^P V22 b^bjp^j 
Now, substituting for b. in V = ZZ b.b-p.. 
J P ij J J 
= ZZ biajgijpijcji 
= g bjajgij 
= W . 
The genetic advance then reduces to, 
ÙC = k Vw = k V2Z b.ajg^j 
where k is the selection differential in standard units. 
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The assumptions for the above deductions are: (1) the genotype and 
environmental effects are additive and give the observed magnitude of the 
character, (2) they are independent, and (3) P and G are normally distrib­
uted. Normally the first two assumptions are made in statistical methods 
with linear functions. If regression coefficients are not biased by con­
siderable departure from normal, then this part of the third assumption 
appears reasonable. However, derivation of the selection advance equation 
depends directly upon the normal distribution, and the departure from 
normality will affect the estimates of selection advance. 
When population parameter estimates are expressed on a common base 
as to generation, replication, location, and year there is no problem in 
pooling the data, providing adequate degrees of freedom are available for 
each estimate. This is accomplished by averaging the estimates of the re­
spective components. Procedures of adjustment may be used when the esti­
mates are not on a common base. A simple procedure is to average the 
estimates of the respective components, assuming adequate degrees of free­
dom are available and all estimates have equal precision. Since estimates 
of genotypic and phenotypic variances and covariances differ between 
experiments, Hanson and Johnson (1957) outlined a procedure in which the 
phenotypic weights were selected such that the average genetic advance was 
maximized. This procedure was desirable, but due to the difficulty in 
obtaining certain parameter estimates it was not utilized in this study. 
W. D. Hanson, North Carolina State College, Genetics Department 
(in personal communication) suggested the use of heritabilities in 
a general index to allow for some index adjustment for the population 
under study. The value of such a procedure would depend upon the degree 
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of approximation of the genotypic character relationship in the segregating 
population under study to the average relationships. The greater the 
relationships differ from the average, the more effective the procedure 
would be. The argument for such a case may proceed as follows: 
If the index equation derived previously as, 
? bjpij * f "jStj 
is used, where i and j go from 1 to 2, the two equations would be, 
bl°P1 + b2CovP]P2 = al°gi + a2Covg]g2 
b1Covp1p2 + b2**2 = a1Covg1g2 + a2o|2 . 
Since, 
C0vplp2 = trp1ap2rP1P2 
the above can be written as, 
VP! + »2°Pl°PfPlP2 = al°il + a2°81°82r8l82 
bl"pi"p2rpip2 + Vl = allrglVg1g2 + a2°g2 ' 
Dividing by gives, 
t81 . 
":'pl 
+ 
"2 Vplp2 " + "2 r8lB2 
%% i2 
"l'pl'plp2 + "2% = al — r8lg2 + a2ô^ 
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°g 
where heritability is defined as * 
\ 
then, 
bl°Pl + h2"P2rPlP2 ° al\«l + H2rglg. 
bl"p1rp1p2 + b2Tp2 " HKl82 + =2^/2 * 
b. 
If b,1 = —=— , the following relation would exist, 
% 
»i + b2rPlP2 = »l°Pi"l + a2ap24 H2rSlg2 
blllp1rp1p2 + -2 = al"PlHl H2r8lg2 + "2V2 
and the general expression would be, 
H + »2rPlP2 + - + »>pipn ' + "2%/l 4glg2 + - + 
VpnHi 4glgn 
% % h h 
b'r + b~r_ + ... + b'r =a.ff H. H r + a.a H- H r 
1 pnpl pnp2 n pnpn 1 P1 1 n «n8! 2 p2 2 n %8n 
+ ... + a or H 
n pn n 
Where, = phenotypic variance, 
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a? = genotypic variance, 
si 
r = phenotypic correlation between itb and j*"*1 characters, 
PiPj 
r = genotypic correlation between itb and characters, 
8lg2 
a^ = economic weight of j'*1 character, and 
bj = phenotypic index weight of jtb character. 
Correlation values were obtained by pooling the information from a 
number of segregating populations. Heritabilities were estimated from the 
populations under study. 
Although not as accurate as the procedure proposed by Hanson and 
Johnson (1957), this weighting procedure was more simply utilized. This 
procedure requires phenotypic and genotypic variance estimates, whereas 
Hanson and Johnson (1957) utilized both variance and covariance estimates. 
This procedure would be desirable in that it allows the parameters to be 
adjusted for heritability variations from population to population. 
Another method of adjusting a general index also involves the use of 
correlations. Harris (1961) related the phenotypic estimates of Smith 
(1936) calculated from variances and covariances to those of Hazel (1943) 
calculated from correlations. He presented and proved that the simultane­
ous equations, 
i BirxiXj = rxtH for j - 1, 2, ... n 
were a coded form of, 
Z b^p^j = Z a^g^j for j = 1, 2, ... n, 
where each variable was measured on a standardized scale. The relationship 
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between the phenotypic weight B^ and b.. was given as, 
or 
B a 
b , i H 
1 ?ii 
and since is in both equations, the value of the phenotypic weights 
were not changed. 
This procedure could be used in the following way; (1) obtain data 
for use in the general index and convert to correlations, (2) calculate 
the phenotypic weights (Bj) in the normal manner, (3) calculate b^ values 
using the phenotypic standard deviation of the population under study. The 
above would produce a general index adjusted by the phenotypic standard 
deviations. 
Selection Indices 
Definitions 
General, average, and specific indices were constructed in this study. 
A general index was defined as an index constructed from population esti­
mates other than those under study. An average index was defined as an 
index constructed by pooling the information from the four populations 
under study. A specific index was defined as an index constructed specif­
ically from estimates of a particular population. Modifications of the 
general and average indices were obtained by different weighting and pool­
ing techniques. 
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General index construction 
The estimates used in constructing the general index were obtained 
from as many sources as possible. Some of the criteria investigated for 
each source were generation of estimation, completeness of data, and pre­
cision of evaluation. 
The Fg to Fj generations of evaluation were utilized. F^ plant data, 
although presented in some cases, was not included because of the extreme 
heterozygosity of the material and the low precision and difficulties in 
evaluating the attributes. It was not possible to obtain complete data, 
as is indicated in Table 4. In some studies few agronomic and chemical 
characters were evaluated. 
The estimates used in the general index were obtained from data of 
comparable precision. These estimates were from eight hybrid populations. 
Four populations were evaluated both in North Carolina and Iowa. 
The estimates from North Carolina were obtained from Johnson, £t al. 
(1955) and Brim and Cockerham (1961). 
Johnson, et al. (1955) evaluated two populations of Fg derived lines 
in the F^ generation in 1950. In the Roanoke x Palmetto population, 89 
lines were grown at McCullers and Statesville, North Carolina and Honetta, 
South Carolina. Sixty-four lines of the N42-26 x Seminole were evaluated 
at McCullers and Monetta. At all locations each population was grown in 
three-row plots in a randomized block design. A 16-foot section of each 
plot was harvested for yield. 
Brim and Cockerham (1961) evaluated two populations of F^ derived 
lines in the F^ and F^ generations in two replications each at Willard and 
Clayton, North Carolina in 1956 and 1957. The 120 lines from each of the 
Table 4. Phenotypic and genotypic correlations in crosses from various studies used in the general 
index 
Character Maturity Lodging Height Seed size Protein Oil 
correlated Cross Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. 
Yield 
Roanoke x Palmetto® .350 .750 .310 .540 .310 .220 .270 .430 -.333 - .640 .320 .440 
N42-26 x Seminole* .360 .400 -.130 -.050 .110 -.020 .450 .660 -.080 -.120 .000 .020 
N48-4860 x Leeb .353 .376 -.620 -.843 - - .050 -.010 -.236 -.337 .095 .136 
Roanoke x Leeb .343 .402 -.584 -.094 - - .098 .076 .091 .194 -.095 -.148 
Adams x Hawkeye® .356 .311 - - .336 .267 .192 .118 - - -.045 .000 
Hawkeye x Mandarin (Ott)d .377 .804 - - .187 .340 - - - - - -
Lincoln x Mandarin (Ott)d .517 .935 - - .371 .745 - - - - - -
Lincoln x Hawkeye** .306 .771 - - .222 .374 - - - - - -
Mean .370 .594 -.256 -.112 .256 .321 .212 .255 -.139 -.226 .069 .107 
aturity 
Roanoke x Palmetto - - .310 .330 .400 .560 .350 .380 -.040 -.020 -.160 -.220 
N42-26 x Seminole - - -.340 -.390 .110 .140 .320 .360 .030 -.050 -.280 -.280 
N48-4860 x Lee - - -.321 -.360 - - .003 -.039 -.136 -.160 -.459 -.487 
Roanoke x Lee - - -.155 -.235 - - .257 .231 .188 .188 -.223 -.214 
Adams x Hawkeye - - - .400 -.475 .693 .751 -.053 .072 - - -.317 -.255 
Hawkeye x Mandarin (ott) - - - - .308 .490 - - - - - -
Lincoln x Mandarin (Ott) - - - - .502 .833 - - - - - -
Lincoln x Hawkeye - - - - .448 .694 - - - - - -
Mean - - -.181 -.226 .410 .578 .175 .201 .010 -.010 -.288 -.291 
aJohnson, et al. (1955). 
bBrim and Cockerham (1961). 
cSchonhorst (1953). 
^Bartley and Weber (1952). 
Table 4. (Continued) 
Character Maturity Lodging Height Seed size Protein Oil 
correlated Cross Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. 
Lodging 
Roanoke x Palmetto - - - -.210 -.310 .220 .270 -.060 -.070 .100 .100 
N42-26 x Seminole - — - -.390 -.420 -.010 .030 .090 .160 .110 .110 
N48-4860 x Lee - - - - - - .186 .206 .252 .312 -.060 -.076 
Roanoke x Lee — - — — — - .115 .070 -.220 -.280 .183 .027 
Adams x Hawkeye - - - - -.268 -.450 .091 .110 - - -.068 - .082 
Hawkeye x Mandarin (Ott) - - - - - - - - - -
Lincoln x Mandarin (Ott) - - - - - - - - - -
Lincoln x Hawkeye - - - - - - - - - - -
Mean w — - -•289 -.393 .120 .137 .016 -.030 .053 .016 
Height 
Roanoke x Palmetto 
N42-26 x Seminole 
N48-4860 x Lee 
Roanoke x Lee 
Adams x Hawkeye 
Hawkeye x Mandarin (Ott) 
Lincoln x Mandarin (Ott) 
Lincoln x Hawkeye 
Mean 
Seed size 
Roanoke x Palmetto - ------ .110 .090 .120 .120 
N42-26 x Seminole - ------ -.090 -.113 .150 .180 
N48-4860 x Lee - ------ .183 .200 .173 .195 
.140 .110 -.060 -.080 .000 .050 
.060 .060 -.030 .000 -.070 -.090 
- -.291 -.341 - - -.234 -.149 
- -.030 -.057 -.045 -.040 -.101 -.063 
Table 4. (Continued) 
Character Maturity Lodging Height Seed size Protein Oil 
correlated Cross Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. 
Roanoke x Lee - ------ .291 .323 .044 -.001 
Adams x Hawkeye - - - - -.062 -.085 
Hawkeye x Mandarin (Ott) - ----------
Lincoln x Mandarin (Ott) - ----------
Lincoln x Hawkeye - ----------
Mean - ------ .124 .125 .085 .082 
Oil 
Roanoke x Palmetto 
N42-26 x Seminole 
N48-4860 x Lee 
Roanoke x Lee 
Adams x Hawkeye 
Hawkeye x Mandarin 
Lincoln x Mandarin 
Lincoln x Hawkeye 
-.480 -.480 
-.690 -•700 
- -.312 -.313 
- -.699 -.747 
(Ott) 
(Ott) 
Mean -.545 -.560 
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crosses N48-4860 x Lee and Roanoke x Lee were grown in single row plots, 
nine feet long. Estimates of the relationship between characters were 
obtained by the component of variance technique. 
The Iowa estimates were obtained from two studies. All data were in 
the form of correlations. Computational procedures for the correlations 
were outlined by Hazel (1943). 
Bartley and Weber (1952) utilized all cross combinations of commer­
cially grown varieties — Mandarin (Ottawa), Hawkeye,and Lincoln. The Fg 
and F^ generations were grown at Ames, Iowa in 1949 and 1950, respectively. 
In each cross,188 F^ plants were selected at random and evaluated in two 
replications in the F g generation. The 376 F^ lines from each cross were 
obtained from two random plant selections within a space planted Fg 
nursery. The F^ lines were evaluated in two replications. All material 
was evaluated in eight-foot, single row plots, 40 inches apart. 
The other Iowa estimates came from Schonhorst (1953). One cross 
(Adams x Hawkeye) was evaluated for eight characters in the Fj, F^.and Fg. 
This was a dichotomy form of selection. From each Fg line two random 
plants were selected for the F^, and in the F4 two randomly selected plants 
were selected from one of the F^ sister lines. The number of lines tested 
were 94, 188,and 188 in the Fg, F^,and Fg, respectively. All tests were 
evaluated in eight-foot, single row plots, 40 inches apart, at Ames, Iowa 
from 1950 to 1952. 
Several methods of pooling the estimates to form the general selection 
index were considered. The direct pooling of the data was not possible 
because of the forms in which it was expressed. The estimates from one 
study in North Carolina were in the form of correlations; whereas, the 
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other study was expressed as variances and covariances. All estimates 
from Iowa were in the form of path coefficients and correlations outlined 
by Hazel (1943). These could not be efficiently converted. 
All data could be expressed most readily to a common base of correla­
tions by utilizing variances and covariance estimates. This correlation 
base also removed differences due to unlike units of measurement in the 
same character in the various experiments. For example, yield was express­
ed in grams per plot in some studies and bushels per acre in others. 
With all data converted to correlations, estimates for the general 
index could be computed by: (1) direct averaging of all estimates disre­
garding generation, cross and study, (2) using the general mean of the 
average estimate per study, (3) using the general mean of an average esti­
mate per cross, and (4) using a form of weighting procedure. The direct 
average gave equal weight to each generation, resulting in a bias for 
those crosses and studies having the greatest number of estimates. The 
use of a general mean of an average for each cross appeared to be more 
suitable. These estimates approached proportional distribution among 
crosses (see Table 4). 
The two weighting procedures outlined using heritability estimates 
and phenotypic standard deviations were used to compute two general indices. 
The correlation values by cross used in the construction of the gener­
al indices (Table 4) indicated that associations among yield and other 
characters were more numerous than those between any other pair of char­
acters. Consequently, a decision was made to evaluate indices to maximize 
yield. This was done by equating the economic value of yield to one and 
all other economic values to zero. 
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Average index construction 
Average indices were computed by pooling appropriate sums of squares 
across crosses. Variance and covariance estimates were obtained for 
environment one and environments one, two, and three combined. 
A modification of this procedure was also used in environment one. 
Using the variance and covariance estimates from the combined F4-F5 
analyses, a set of estimates was synthesized for environment one. The 
genotypic estimates were those obtained from the combined analysis. The 
phenotypic estimates were obtained by changing the coefficients of the 
expectation to include only two replications and one environment. All 
phenotypic variances were computed from the relationship: 
0-2 
a-2, = —î- + + a2 . 
ph 2 2 g 
Therefore, this average reconstituted index did not have environment bias 
in the genotypic component and the components are estimated from three 
environments instead of one. 
Specific index construction 
Specific indices for the populations under study were investigated 
using estimates obtained from particular cross-maturity group combinations. 
Since these estimates were all obtained with the same precision, it was 
possible to pool them in various combinations for selection index con­
struction. Specific indices were calculated for each of the four crosses 
in environment one (F^) and in environments one, two and three combined 
(F4-F5)• 
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EXPERIMENTAL RESULTS AND DISCUSSION 
The evaluation of a selection procedure related to the behavior 
of quantitatively inherited characters requires a large number of obser­
vations replicated in time and space. This study was conducted in two 
replications in each of three environments. There were 28,800 units of data 
collected from the F4 and Fg generations. 
Analyses of Variance 
Analyses of variance were used to provide estimates for index con­
struction and an indication of the breeding behavior of the material. The 
F4 data provided estimates for index construction with limited precision; 
whereas the F4-F5 combined data gave increased precision to the estimates 
and provided a measure of the genotype x environment interaction. Mean 
agronomic and chemical performance data for F^, F^> and combined line means 
are presented in Appendix Tables 24, 25, and 26, respectively. 
F^ analysis 
Analyses of variance for all characters in the F^ generation 
(environment one) are presented in Appendix Table 27. F tests were made 
using the appropriate mean square ratios. There were no significant dif­
ferences for yield among any of the whole-plot mean squares. The remainder 
of the characters indicated varying degrees of significance. For all 
these characters except phenotypic score the among-crosses mean squares 
were significant at the one percent level. The maturity group x cross 
mean square was significant for maturity, which indicated that the average 
maturity date was different from cross to cross. This resulted when the 
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maturity range in the original classification was permitted to be greater 
than the maturity date standard error. 
The lines in crosses mean squares were significant for all crosses 
and characters except cross AX148 for yield. The replication x lines in 
maturity groups in crosses mean squares were small and similar for all 
characters. A coefficient of variation of 7.6 percent was obtained for 
yield, which is an acceptable value. Mean attribute values for all lines 
are presented in Appendix Table 24. 
F4-F5 combined analysis 
Whole-plot Whole-plot means for all characters in each environ­
ment and combined across all environments are presented in Tables 5, 6, 7, 
and 8. Analysis of variance whole-plot mean squares for all characters 
are presented in Appendix Table 28. Tests of significance were made using 
the appropriate F test as indicated from the expected mean squares given 
in Table 2. 
Environments were significant at the one percent level for the char­
acters lodging, seed size, protein percent, and oil percent. The characters 
yield, maturity, and phenotypic score were significantly different across 
environments at the five percent level. Height was unaffected in the dif­
ferent environments. The mean yields for environments one, two, and three 
were 37.9, 36.1, and 44.4 bushels per acre, respectively. The difference 
in mean yield between years at the Agronomy Farm (environments one and 
three) was less than the difference between locations within a year (envi­
ronments two and three). Environments one and two were very similar for 
all characters except seed size, protein percent, and oil percent. The 
Table 5. Mean agronomic and chemical performance for crosses and maturity groups In environment 
one, Agronomy Farm, 1961 
Cross-maturity Yield Maturity** Lodging Height Seed size Protein Oil P.S.C 
group® (bu/a.) (in.) (g/100) (%) (%) 
AX141 Early 39.0 11 1.4 39 14.8 44.4 18.6 2.5 
Mldseason 37.8 20 1.5 42 14.9 43.8 18.8 2.5 
Late 36.7 32 1.6 46 14.7 43.2 19.3 2.5 
Mean 37.8 21 1.5 42 14.8 43.8 18.9 2.5 
AX143 Early 39.4 16 1.5 40 14.2 43.2 20.0 2.5 
Mldseason 37.7 23 1.7 43 13.8 43.4 19.9 2.6 
Late 38.7 27 1.6 44 14.6 42.9 20.1 2.5 
Mean 38.6 22 1.6 42 14.2 43.2 20.0 2.5 
AX144 Early 35.9 16 1.6 41 12.7 42.7 20.7 2.7 
Mldseason 39.9 21 1.8 45 13.6 42.0 21.2 2.7 
Late 38.1 23 1.8 45 13.4 41.8 21.1 2.9 
Mean 38.0 20 1.7 44 13.2 42.1 21.0 2.7 
AX148 Early 38.3 15 1.8 43 12.8 42.4 21.7 2.8 
Mldseason 36.2 25 1.8 50 13.3 42.1 21.7 2.7 
Late 36.9 31 1.8 48 13.1 41.3 21.6 2.7 
Mean 37.1 24 1.8 47 13.1 41.9 21.7 2.7 
Mean Early 38.2 14 1.6 41 13.6 43.2 20.2 2.6 
Mldseason 37.9 22 1.7 45 13.9 42.8 20.4 2.6 
Late 37.6 28 1.7 46 14.0 42.3 20.5 2.6 
Overall mean 37.9 21 1.7 44 13.8 42.8 20.4 2.6 
aMean fifty lines — 2 replications each line. 
bDays from August 31. 
^Phenotypic score. 
Table 6. Mean agronomic and chemical performance of crosses and maturity groups in environment 
two at Squaw Creek Bottom in 1962 
Cross-maturity Yield Maturity^ Lodging Height Seed size Protein Oil P.S.C 
group* (bu/a.) (in.) (g/100) (%) (%) 
AX141 Early 37.3 12 1.4 38 17.7 41.3 20.3 2.5 
Mldseason 37.9 19 1.6 41 16.6 40.9 20.4 2.6 
Late 35.5 29 1.9 47 15.5 40.2 19.9 2.8 
Mean 36.9 20 1.6 42 16.6 40.8 20.2 2.6 
AX143 Early 33.5 13 1.6 40 15.6 41.0 20.9 2.6 
Mldseason 38.1 20 1.8 42 15.1 40.3 20.6 2.6 
Late 37.6 24 1.7 42 15.3 40.0 20.9 2.7 
Mean 36.4 19 1.7 42 15.3 40.4 20.8 2.7 
AX144 Early 36.4 16 1.7 42 14.6 39.2 22.1 2.4 
Mldseason 35.5 19 1.9 44 14.5 38.9 22.0 2.6 
Late 34.1 21 2.3 47 14.6 39.8 21.8 2.9 
Mean 35.3 19 2.0 44 14.6 39.3 22.0 2.7 
AX148 Early 38.0 14 1.9 44 15.1 39.4 22.7 2.8 
Mldseason 34.2 21 2.5 47 14.6 39.4 22.4 2.9 
Late 35.6 27 2.4 48 14.3 38.6 22.4 3.1 
Mean 35.9 21 2.3 46 14.7 39.1 22.5 2.9 
Mean Early 36.3 14 1.7 41 15.7 40.2 21.5 2.6 
Mldseason 36.4 20 1.9 44 15.2 39.9 21.3 2.7 
Late 35.7 25 2.1 46 14.9 39.6 21.2 2.9 
Overall mean 36.1 20 1.9 44 15.3 39.9 21.4 2.7 
•Mean fifty lines — 2 replications each line. 
bDays from August 31. 
^Phenotypic score. 
Table 7. Mean agronomie and chemical performance of crosses and maturity groups for environment 
three at Agronomy Farm in 1962 
Cross-maturity 
group* 
Yield 
(bu/a.) 
Maturity^ Lodging Height 
(in.) 
Seed size 
(g/100) 
Protein 
(%) 
Oil 
(%) 
P.S.C 
AX141 Early 44.7 17 1.6 37 18.3 42.1 20.0 2.6 
Mldseason 48.4 26 1.9 41 18.6 42.4 19.0 2.7 
Late 41.8 35 2.1 45 16.4 41.7 18.5 2.6 
Mean 45.0 26 1.8 41 17.8 42.1 19.2 2.6 
AX143 Early 44.1 20 2.0 41 16.8 41.7 20.2 2.8 
Mldseason 44.9 26 2.2 42 16.4 41.4 19.9 2.7 
Late 44.4 29 2.0 43 16.4 41.1 19.7 2.5 
Mean 44.5 25 2.1 42 16.5 41.4 20.0 2.7 
AX144 Early 46.9 22 2.2 42 16.3 40.9 21.1 2.8 
Mldseason 44.3 24 2.5 42 15.8 39.9 21.1 2.9 
Late 44.0 28 2.6 46 15.9 40.5 20.6 3.0 
Mean 45.1 24 2.4 44 16.0 40.4 20.9 2.9 
AX148 Early 43.7 20 2.4 43 15.7 39.9 22.4 3.2 
Mldseason 44.9 29 3.2 46 15.9 39.7 21.2 3.2 
Late 40.6 32 2.5 47 14.7 39.7 21.1 2.9 
Mean 43.0 27 2.7 45 15.4 39.8 21.6 3.1 
Mean Early 44.8 20 2.1 41 16.8 41.2 20.9 2.8 
Mldseason 45.6 26 2.4 43 16.7 40.8 20.3 2.9 
Late 42.7 31 2.3 45 15.9 40.7 20.0 2.8 
Overall mean 44.4 26 2.3 43 16.4 40.9 20.4 2.8 
*Mean fifty lines -- 2 replications each line. 
bDays from August 31. 
cPhenotypic score. 
Table 8. Mean agronomic and chemical performance of crosse? and maturity groups combined for 
environment one, two and three 
Gross-maturity Yield Maturity^ Lodging Height Seed size Protein Oil P.S.C 
group* (bu/a.) (in.) (g/100) (%) (%) 
AX141 Early 40.3 14 1.5 38 16.9 42.6 19.6 2.5 
Mldseason 41.4 21 1.7 41 16.7 42.4 19.4 2.6 
Late 38.0 32 1.9 46 15.5 41.7 19.2 2.6 
Mean 39.9 22 1.7 42 16.4 42.2 19.4 2.6 
AX143 Early 39.0 16 1.7 40 15.5 42.0 20.4 2.6 
Mldseason 40.2 23 1.9 42 15.1 41.7 20.1 2.6 
Late 40.2 27 1.8 43 15.4 41.3 20.2 2.6 
Mean 39.8 22 1.8 42 15.4 41.7 20.2 2.6 
AX144 Early 39.7 18 1.8 42 14.5 40.9 21.3 2.6 
Mldseason 39.9 21 2.0 44 14.7 40.2 21.4 2.8 
Late 38.8 24 2.2 46 14.6 40.7 21.2 2.9 
Mean 39.5 21 2.0 44 14.6 40.6 21.3 2.8 
AX148 Early 40.0 16 2.0 43 14.6 40.6 22.2 2.9 
Mldseason 38.4 25 2.5 47 14.6 40.4 21.8 2.9 
Late 37.7 30 2.3 48 14.0 39.8 21.7 2.9 
Mean 38.7 24 2.3 46 14.4 40.3 21.9 2.9 
Mean Early 39.8 16 1.8 41 15.4 41.5 20.9 2.7 
Mldseason 40.0 23 2.0 44 15.3 41.2 20.7 2.7 
Late 38.7 28 2.0 46 14.9 40.9 20.6 2.8 
Overall mean 39.5 22 1.9 43 15.2 41.2 20.7 2.7 
*Mean fifty lines — two replications each in three environments. 
bDays from August 31. 
^Phenotypic score. 
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greater mean value for yield in environment three can be partially explain­
ed by the delay in maturity date in that environment. 
Maturity group effects when averaged across all crosses and environ­
ments gave a significant response only for the characters maturity, seed 
size, and protein percent. The mean yields for the early, mldseason, and 
late maturities combined over crosses and environments were 39.8, 40.0, and 
38.7 bushels per acre, respectively. The corresponding maturities, express­
ed as days from August 31, were 16, 23, and 28. As maturity date increased 
height increased, and seed size, protein percent, and oil percent decreas­
ed. Information previously reported (Table 4) indicated a positive corre­
lation between maturity date and yield. However, in this study, this 
relationship did not hold. There was an increase in yield from early to 
mldseason of .2 bushels per acre with a delay in maturity of about seven 
days and a decrease in yield from mldseason to late of 1.3 bushels per 
acre with a delay in maturity of about six days. The parental strains in 
this study were of mldseason maturity; consequently, lines selected for 
late maturity were almost entirely the result of transgressive segregation. 
An explanation for the decrease in yield would be the failure of adaptive 
genes to segregate transgressively with maturity, possibly due to unfavor­
able linkage relationships. This would give rise to late lines without the 
necessary adaptation of the other characters. Another possible explanation 
would be based on the heterogeneity present in the lines. The early and 
mldseason lines would include some late maturing plants which would tend 
to increase the yield and bias maturity date later. On the other hand, 
late lines would have a preponderance of late maturing plants, with some 
early segregates, which would have a tendency to reduce the yield but 
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which would not bias the maturity date earlier. The first of the proposed 
explanations appears to have more merit but would need further investi­
gation before any realistic conclusion could be drawn. 
All characters, except yield, were significantly different among 
crosses at the one percent level, indicating that the crosses were differ­
ent in mean performance. Environment x maturity group mean squares 
exceeded the one percent level of significance for seed size, oil percent, 
and phenotypic score. 
The significant variation in phenotypic score indicated that either, 
(1) the phenotypic appearance of the plant changed from environment to 
environment without a comparable change in agronomic characteristics, or 
(2) the evaluator was inconsistent across environments in the rating of 
the lines. The correlation of phenotypic score with the other characters 
is presented by cross and maturity group in Table 9. It is evident that 
a very strong relationship existed between phenotypic score and lodging, 
and that this relationship was consistent for all crosses and maturity 
groups with an average r of .814. As a consequence of this relationship, 
the correlation between phenotypic score and yield was generally low and 
inconsistent. Only in two cases, AX144 mldseason and late, was the magni­
tude of the correlations large enough to be of any value in selection for 
yield. This data was in agreement with Hanson, et «il. (1962) and indicated 
the bias that can occur in subjective evaluation of the overall worth of a 
line. Some of the fallacies of phenotypic evaluation in identifying and 
evaluating a complicated character such as yield can be recognized. 
A possible explanation for the poor agreement of phenotypic score 
and yield was the varying amounts of "apparent" heterogeneity expressed 
Table 9. Correlation of phenotypic score and various characters by cross-maturity group for envi­
ronments one, two, and three combined 
Cross-maturi ty 
group Yield Maturity Lodging Height 
Seed 
size Protein Oil 
AX141 Early .041 
Mldseason .257 
Late .125 
-.144 
.037 
-.183 
.655 
.650 
.829 
.275 
.104 
.426 
-.225 
-.150 
-.075 
.037 
-.052 
.061 
.066 
.021 
-.035 
AX143 Early .380 
Mldseason .353 
Late .538 
.029 
.171 
.098 
.838 
.772 
.778 
-.109 
-.311 
.015 
-.139 
.190 
.043 
.124 
.092 
-.003 
.018 
-.238 
-.038 
AX144 Early .462 
Mldseason .600 
Late .721 
.387 
.018 
.125 
.925 
.862 
.949 
.355 
.084 
.291 
.428 
.330 
.402 
.412 
.236 
.293 
-.072 
-.119 
-.047 
AX148 Early .287 
Mldseason .492 
Late .334 
.068 
.184 
.066 
.816 
.863 
.836 
.037 
.118 
.254 
.195 
.245 
- .161 
.154 
.298 
.266 
.161 
.351 
-.059 
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within the lines, i.e. heterogeneity observable from visual observation. 
Phenotypically, lines with the greater amount of "apparent" heterogeneity, 
especially for maturity, were less desirable. Applying the concept of 
population homeostasis, the undesirable lines may actually perform better 
than the homogeneous desirable appearing lines. This is assuming "appar­
ent" heterogeneity is a good indicator of the true heterogeneity present 
in the line. 
The environment x cross mean square was also highly significant for 
oil percent. This indicated a differential response of the crosses over 
the environments. This was partially due to different planting dates and 
soil types. 
Interaction mean squares with replication are presented in Appendix 
Table 28. The magnitude of the mean squares was compared to obtain an 
indication of the replication interaction for the various combinations. 
Sub-plot Sub-plot analyses of variance are presented in Appendix 
Table 29. F tests were made as indicated from the expected mean squares 
in Table 3. The analyses of variance are presented for maturity groups in 
crosses, combined by cross, and further combined across crosses. The vari­
ance and covariance components are presented by cross and combined across 
crosses in Table 30 of the Appendix. 
In the analyses of variance presented in Appendix Table 29, line mean 
squares were significant at the one percent level for all the characters, 
except for two cases of significance at the five percent level for yield. 
The magnitude of mean squares within a cross was relatively constant for 
all characters; and, in general, the same relationship held for the various 
degrees of pooling. As a result of blocking the lines into maturity 
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groups, one might expect that line variation for maturity would be non­
significant. However, the range of plus or minus four days from the check 
allowed in the random Fg maturity classification was greater than the days 
necessary for significance. Confidence limits around the population mean 
was plus or minus three days. Also, due to the heterogeneous nature of the 
lines, some random drift would be expected to increase the range beyond the 
limits set in the initial classification of the maturity groups. 
The environment x lines in maturity groups interaction mean squares 
indicated that for the characters maturity, height, and yield, which are 
products of physiological processes which operate through the life of the 
plant, there were very few significant differences. The characters lodg­
ing, seed size, protein, oil, and phenotypic score, which are products of 
relatively short physiological processes, were significant at the one per­
cent level. It is evident from these results that characters which are 
produced over a short period of time respond more readily to environmental 
fluctuations. 
The relative size and agreement of the error terms between and within 
crosses were of interest. The agreement was a measure of the homogeneity 
of data sampling between and within crosses. It may be noted from Appendix 
Table 29 that the error terms were in very good agreement, indicating the 
same relative precision of the experiment from cross to cross. Also, the 
small error mean squares for lodging, seed size, protein percent, oil 
percent, and phenotypic score were an indication of the high precision in 
which these characters were measured. Coefficients of variation are pre­
sented in Table 29 of the Appendix. These gave an indication of the amount 
of variability in percent of the. mean and are useful for comparative 
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purposes. For example, an 8.4 percent coefficient for yield from a 10-foot 
plot is very good since, on the average, six to seven percent variability 
is obtained in rod-row yield tests. The large coefficients of variability 
for lodging and phenotypic score were not an indication of poor precision 
but were the result of a small mean. 
Parameter Estimation 
Genotypic, phenotypic, and error components of variance and covariance 
were obtained for the F^ and F4-F5 combined by partitioning the appropriate 
mean squares and mean cross products. The mean squares and mean cross 
products were computed by pooling the appropriate sums of squares and sums 
of cross products. The components were computed by equating the mean 
squares and cross products to their expectations and solving for the desir­
ed component. These values are presented in Table 30 of the Appendix. In 
general, the phenotypic variance and covariance components were larger 
than the corresponding genotypic components. 
The F^ error components of variance and covariance, calculated from 
two replications in one environment as compared with the F4-F5 components, 
which is the average of three environments, indicated relatively close 
agreement in most instances. 
The largest disagreements were the covariance components of yield with 
maturity, and maturity with height. The F^-Fg combined estimates were 
larger than the respective F^ estimates. The error component estimates in 
the combined F4-F5 were average error estimates for the three environments. 
Since the F4-F5 were larger than the F^ alone, the error variance in one 
or both of the F^ environments must have been larger than in the F^. The 
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effect of this difference in magnitude was reflected by its influence 
on selection advance. 
The genotype x environment components were of interest. In most 
cases they were small as compared to the other components. This indicated 
the close agreement in the performance of the lines in all the environments. 
In certain instances for yield, the genotype x environment component was 
negative. These values were taken as zero. Negative values could result 
from an overestimate of the error component or an underestimate of the 
genotype x environment component resulting from sampling errors. The val­
ues could have been taken as negative, realizing that realistically negative 
variances could not exist. The reasoning behind such treatment would be 
that these are negative estimation errors and that an equal number of 
positive estimation errors which could not be detected would be present. 
Therefore, by using the negative values, the positive and negative errors 
in estimation would balance, giving a zero effect. However, the reasoning 
followed in this study was that since these errors were known to be present 
and the cause of such errors could not be detected, a better estimate would 
be to correct some of the errors by taking these values as zero. 
Evaluation of genotypes in a series of environments allowed for the 
estimation of the genotype x environment interaction. However, when only 
one environment was used, this component could not be estimated and was 
present in the genetic component as a bias. The expectation of a genetic 
component from a single evaluation could be expressed as: 
°m + °im 
where o"2 is the true genetic variance component and o^ m is the specific 
effect of that environment. Only under certain special conditions would 
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there be value in having the genotype x environment variance component 
present in the genetic estimate. Such a condition would be in evaluating 
genotypes for a particular area where the environment is relatively con­
stant. Therefore, in most situations it is desirable to have the true 
genetic component free of the genotype x environment interaction. In Table 
30, the F4 genotypic components were in most cases larger than the corres­
ponding F4-F5 components, indicating that an environmental effect was 
present. Using oil percent, as an example, which has a low standard error 
and has been shown previously to have a significant genotype x environment 
interaction, the F4 genotypic value .205 minus the F4-F5 genotype x 
environment interaction of .059 equals .146 which is in very close agree­
ment with the F^-F^ genotypic variance estimate of .148. Complete agree­
ment would not be expected due to errors of estimating the genotypic 
variance and genotype x environment interaction components for the two 
situations. Similar results could be obtained using other characters. 
Therefore, it is evident that there is a genotype x environment effect 
present in the F^ genotypic estimates. 
The phenotypic variances of the F^ were in general larger than the 
F4-F5. This relationship might be explained by considering the expectation 
of the phenotypic variance for the two situations. The expectations were: 
a? 
o£h = + a}m + o2 for the F4, 
and cr2 CT? 
°"ph = if" + I2 + °m f'°r the F4"F5' 
where cr| is the error, <r?m the genotype x environment interaction, 0^ the 
genotypic variance component, i the number of environments, and r the 
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number of replications. In general, the variance components would not be 
expected to differ between the two situations; and, therefore, the differ­
ences between the two were a function of the divisors. The cr| component 
in the was divided by the number of replications; whereas in the com­
bined data the divisor was replications times the number of environments. 
Also in the first case the cr|m component was a part of the genetic com­
ponent and did not have a divisor as it did in the combined. From this 
relationship, knowing the magnitude of the variance components, a breeder 
would estimate the number of replications and/or environments necessary 
to reduce the phenotypic variance to the smallest value with the resources 
available. For example, since the genotype x environment component was 
very near zero, the character yield in this study could have been evaluated 
in six replications in one environment without the loss of precision. The 
characters oil or protein would not be as well evaluated under such con­
ditions. Therefore, the breeder must adjust his testing scheme to the 
characters under evaluation. 
Genotypic and phenotypic variance and covariance components for the 
F^ and F^-F^ combined used in the construction of the various selection 
indices are presented in Tables 10 and 11. The phenotypic variance was 
greater in all cases than the genotypic variance. 
Lodging score as used in evaluation was on a decreasing scale, i.e. 
1.0 = erect and 5.0 = prostrate. The other characters used in index con­
struction were on an increasing scale. To have all the characters on an 
increasing scale, the sign of the covariance component of all characters 
with lodging was changed. This change of sign inverted the scale so that 
a score of 5.0 = erect. Mathematically the above reasoning is expressed 
Table 10. Phenotypic and genotypic variances and covarlances for data by cross and combined 
crosses, Agronomy Farm, Ames, 1961 
Cross Character Yield Maturity Lodging0 Height Seed size Protein Oil 
Pheno.bGeno.c Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. 
Combined 
Yield 6.840 2.690 .615 .380 -.115 -.140 .800 .695 .715 .510 -.125 .001 .350 .205 
Maturity 7.925 6.640 -.125 -.090 1.675 1.585 .030 -.070 -.460 . -.445 .185 .200 
Lodging® .058 .039 .055 .040 .035 .036 .020 .018 .000 • -.003 
Height 4.320 3.055 .050 .080 -.090 . -.130 .005 .045 
Seed size .690 .590 .085 .095 .050 .025 
Protein .605 .465 -.170 -.155 
Oil .315 .205 
ÀX141 
Yield 5.840 1.390 -.260 -.285 .070 .050 .235 .270 .700 .420 .135 .150 .090 .045 
Maturity 9.805 8.185 -.105 .001 1.790 1.794 -.205 -.365 -.620 -.615 .125 .115 
Lodging* .022 .012 .025 .010 .002 .006 .015 .016 .002 -.004 
Height 2.220 1.255 -.110 -.065 -.045 -.095 -.040 -.015 
Seed size .640 .515 .150 .148 .050 .020 
Protein .540 .430 -.155 -.135 
Oil .295 .185 
aSign of covarlances changed to invert the scale of measurement. 
^Phenotypic variance or covariance. 
cGenotypic variance or covariance. 
Table 10. (Continued) 
Cross Character Yield Maturity Lodging8 Height Seed size Protein Oil 
Pheno.^Geno.c Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. 
AX143 
Yield 7.120 3.955 .615 .400 .015 .025 1.720 1.400 .540 .405 -.370 -.325 .535 .395 
Maturity 7.940 6.635 -.105 -.090 2.235 1.985 .460 .385 -.550 -.515 .240 .290 
Lodging® .038 .020 .000 -.010 .005 .008 .010 .005 .001 -.004 
Height 5.200 4.015 .150 .175 .050 .015 .070 .120 
Seed size .765 .680 -.070 -.060 .115 .090 
Protein .730 .615 -.235 -.230 
Oil .400 .310 
AX144 
Yield 9.075 4.715 1.160 .820 .260 .250 .565 .500 1.025 .760 .060 .360 .560 .270 
Maturity 4.970 4.230 -.195 -.175 .745 .845 .170 .080 -.365 -.355 .430 .415 
Lodging® .113 .090 .080 .060 .090 .090 .065 .060 -.010 - .010 
Height 6.710 5.330 .325 .375 -.210 -.230 .020 .021 
Seed size .690 .565 .160 .175 -.010 -.035 
Protein .615 .435 -.200 -.190 
Oil .280 .140 
AX148 
Yield 5.330 .715 .940 .590 .120 .040 .680 .600 .590 .450 -.335 -.180 .225 .120 
Maturity 8.990 7.515 -.095 -.096 1.885 1.720 -.300 -.365 -.320 -.305 -.050 -.010 
Lodging® .060 .032 .125 .100 .040 .036 -.010 -.010 .005 .004 
Height 3.160 1.635 -.155 -.014 -.150 -.205 -.030 .055 
Seed size .655 .580 .090 .100 .035 .020 
Protein .545 .395 -.100 -.080 
Oil .285 .180 
Table 11. Phenotypic and genotypic components by cross and combined crosses for the F4-F5 combined 
analysis 
Cross Character Yleld Maturity Lodging8 Height Seed size Protein OH 
Pheno.^Geno.c Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. 
Combined 
Yield 4.568 2.682 .949 .720 .254 .229 .284 .116 .465 .367 .006 -.041 .133 .108 
Maturity 6.045 5.449 -.190 -.188 2.022 1.996 -.234 -.030 -.396 -.373 -.009 -.020 
Lodging® .124 .096 -.171 -.166 .031 .033 .028 .030 -.001 - .002 
Height 3.092 2.478 -.075 -.091 -.137 -.139 -.016 -.008 
Seed size .707 .636 .179 .175 -.009 -.016 
Protein .448 .349 -.156 -.137 
Oil .200 .148 
AX141 
Yield 2.647 1.287 .234 .128 .002 .012 .232 .075 .457 .385 .111 .079 .008 .016 
Maturity 7.570 7.073 .177 .168 2.337 2.342 -.635 -.750 -.482 -.480 -.084 -.083 
Lodging® .037 .023 .026 .019 .036 .030 -.005 - .006 - .008 -.005 
Height 1.903 1.498 -.263 -.275 -.096 -.114 -.079 -.053 
Seed size .792 .710 .219 .209 -.029 -.036 
Protein .430 .363 -.122 -.105 
Oil .145 .092 
aSign of the covarlances changed to invert the scale of measurement. 
^Phenotypic variance or covariance. 
cGenotypic variance or covariance. 
Table 11. (Continued) 
Cross Character Yteld Maturity Lodging8 Height Seed size Protein Oil 
Pheno.^Geno.c Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. Pheno.Geno. 
AX143 
Yield 4.900 2.971 
Maturity 
Lodging8 
Height 
Seed size 
Protein 
Oil 
AX144 
Yield 6.963 4.616 
Maturity 
Lodging 
Height 
Seed size 
Protein 
Oil 
AX148 
Yield 3.763 1.855 
Maturity 
Lodging® 
Height 
Seed size 
Protein 
Oil 
175 .153 .663 .534 .401 .335 -.267 -.250 .180 .159 
162 -.161 1.738 1.698 .138 .094 -.450 -.425 .076 .080 
099 .074 -.284 -.288 .008 .010 .032 .034 -.017 -.017 
3.517 3.018 .073 .062 .012 .003 .054 .056 
.670 .607 .046 .036 .048 .045 
.538 .421 -.246 -.239 
.300 .252 
673 .605 -.873 - .666 .823 .694 .274 .354 .169 .089 
213 -.210 1.400 1.394 -.005 -.036 -.267 -.253 .133 .103 
236 .200 -.338 -.340 .126 .121 .110 .109 -.014 -.012 
4.793 3.988 .088 .074 - .264 -.241 .013 .003 
.742 .679 .301 .296 -.093 -.102 
.520 .408 -.156 -.124 
.162 .112 
168 .170 1.113 .934 .180 .054 -.282 -.158 .173 .169 
210 -.214 2.611 2.549 -.443 -.497 -.386 -.332 -.159 -.181 
125 .086 -.036 -.020 .027 .031 -.034 -.028 .020 .017 
2.153 1.410 .200 -.224 -.191 -.204 -.054 -.040 
.627 .551 .149 .159 .039 .028 
.305 .204 -.102 -.080 
.193 .137 
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as the following transformation. 
Gov (XY) = -Gov (X'Y), where X' = 6-X 
= -Gov [(6-X) (Y)] 
= -Gov (6Y) + Gov (XY) and Gov 6Y = 0, so 
Gov (XY) = Gov (XY) 
Phenotypic and genotypic correlations of yield with all the agronomic 
and chemical characteristics are presented in Table 12 for the F4 and F^-F^ 
combined. As expected from previous discussion, the genotypic cor­
relations were in most cases greater than the phenotypic correlations, and 
the F^-Fg combined correlations were in most cases greater than the respec­
tive F^ correlations. The magnitude of the differences varied. 
Heritability 
Heritabilities estimated on a mean line basis are presented in Table 
13 for the F^ and F4-F5 combined. The heritabilities for the F^-Fs were 
greater in almost all instances than the corresponding F4 estimates. The 
larger heritabilities for the F^-F^ resulted from a change in the magnitude 
of the genotypic and phenotypic variances. 
When computing heritability on a mean line basis, the phenotypic vari­
ance is adjusted according to the precision of estimation, i.e., the 
divisors for the error and genotype x environment components change with 
replication and environments. Consequently, the phenotypic variance is 
decreased relative to the precision of estimation. The genotypic variance 
also decreases when the genotype x environment component can be partitioned 
from the genotypic component. Consequently, the heritability computed on 
a mean line basis will either increase or decrease as precision is increas­
ed depending upon the size of the error and genotype x environment compon-
Table 12. Phenotypic and genotypic correlations for yield and other agronomie and chemical char­
acters by cross and combination crosses in F4 and F4-F5 combined 
Cross Generation Maturity Lodging Height Seed size Protein Oil 
Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. Pheno. Geno. 
AX141 *4 -.038 -.084 .140 .388 .075 .204 .217** .496 .084 .194 .034 .089 
F4-F5 .052 .042 .006 .070 .103 .054 .316** .403 .104 .116 .013 .046 
AX143 F4 .082 .078 .029 .089 .283** .351 .231** .247 -.162* -.208 .317** .357 
F4-F5 .185* .194 .251** .326 .160* .178 .221** .249 -.164* -.224 .148* .184 
AX144 f4 .173* .184 .257** .384 .072 .100 .410** .466 .025 .251 .351** .332 
F4-F5 .131 .113 .525** .630 -.151 -.155 .362** .392 .144 .258 .159* .124 
AX148 f4 .136 .254 .212** .265 .166* .555 .316** .699 -.196* -.339 .183* .334 
f4~f5 .369** .454 .249** .426 .391** .578 .117 .053 -.263** -.257 .203** .335 
Combined f4 .084 .090 -.182* -.432 .147 .242 .329** .405 -.061 .001 .238** .276 
F4-F5 .180* .188 .338** .451 .076 .045 .259** .281 .004 -.042 .139 .171 
**Indicates significance at the one percent level. 
^Indicates significance at the five percent level. 
Table 13. Heritability estimates by cross and combined crosses for F^8 and F^-Fg^ combined 
Cross Yield Maturity Lodging Height Seed size Protein Oil 
*4 F4"F5 F4 f4"F5 F4 f4~f5 f4 f4"f5 f4 *Vf5 F4 F4-F5 F4 F4-F5 
AX141 .238 .486 .835 .934 .545 .622 .565 .787 .805 .896 .796 .844 .627 .634 
AX143 .555 .606 .836 .896 .526 .747 .772 .858 .889 .906 .842 .782 .775 .840 
AX144 .520 .663 .851 .860 .796 .847 .794 .832 .819 .915 .707 .785 .500 .691 
AX148 .134 .493 .836 .891 .533 .688 .517 .655 .885 .879 .725 .669 .632 .710 
Combined .393 .585 .838 .901 .672 .774 .707 .801 .855 .900 .768 .779 .651 .740 
aTwo replications in one environment. 
**Two replications each in three environments. 
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ents. 
In this study the genotype x environment component was smaller than 
the error component. Therefore, the phenotypic variance decreased in 
magnitude more than the genotypic variance giving rise to larger heritabil­
ity estimates. 
The method by which the material is advanced from early generation 
also affects the magnitude of the heritability estimates. According to 
Hanson and Weber (1961), the genetic variance of lines selected in the 
Fg and evaluated in generation n may be partitioned as: 
C^°A + *°AA + • • • 1 » 
whereas lines selected in the F5 and evaluated in generation n was 
[15/16 ff2 + 225/256 + ...] . 
When tested with the same precision, heritability estimates computed from 
the Fg derived lines would be expected to be less than that of the 
derived lines. The reasoning for this can be seen by taking the expression 
H=-=—4 =— . 
*1 + °?m + 4 
ri i 
The c| component would not be expected to remain constant. The 
component would be expected to increase but not as much as the component. 
The 0^ component would be expected to nearly double. Such an increase in 
the genetic variance without a corresponding change in the other components 
would increase the heritability estimate. Therefore, before heritabilities 
are used or compared an examination and comparison of the materials and 
methods must be made. 
63 
Index Evaluation 
Index evaluation was conducted by (1) computation of phenotypic 
weights, and (2) utilization of these weights in the computation of selec­
tion advance for yield (bushels per acre). Phenotypic weights for the F4 
and F4-F5 combined are presented in Table 14. 
Phenotypic weights 
F4 phenotypic weights The six selection indices constructed and 
applied to the F^ data were: 
1-3 - An average index constructed from the F4 analyses of vari­
ance and covariance. All estimates were based on the F4 
evaluation combined over crosses and maturity groups by 
pooling appropriate sums of squares. 
I-3R - A reconstituted average index constructed by utilizing 
F4-F5 component estimates to synthesize F4 variance-
covariance estimates. This was accomplished by taking 
only the true genetic component for the F4-F5 genetic 
estimates and computing expected F4 phenotypic vari­
ances from the following relation: 
°ph = -§- + °^i + °m * 
This gave estimates to be used in index construction 
for the F4 data. 
1-4 - Index obtained from AX141, utilizing F^ estimates pooled 
across maturity groups. 
1-5 - Index obtained from AX143, utilizing F4 estimates pooled 
across maturity groups. 
1-6 - Index obtained from AX144, utilizing estimates pooled 
across maturity groups. 
1-7 - Index obtained from AX14S, utilizing F4 estimates pooled 
across maturity groups. 
Indices 1-4 — 1-7 are regarded here as specific indices of selection 
for those crosses concerned and for this generation. 
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Table 14. Phenotypic weights for the various indices from and F^-Fg 
combined 
Index Generation Yield Maturity Lodging Height Seed 
size 
Protein Oil 
1-1 F4-F5 .429 .128 .517 .010 -.022 -.068 .231 
1-2 F4-F5 .487 .291 .097 .006 .017 -.041 .092 
I-3R F4 .254 .075 - .884 -.007 .225 -.054 .228 
1-3 F4 
F4-F5 
.264 
.497 
-.048 
.070 
-2.524 
.909 
.159 
-.004 
.537 
.211 
.159 
-.137 
.384 
.119 
1-4 .155 
.438 
-.020 
.033 
1.431 
- .064 
.132 
-.009 
.473 
.260 
.081 
.018 
.084 
.164 
1-5 
ÏJ-F5 
.497 
.515 
-.041 
.007 
.368 
1.124 
.118 
.140 
.134 
.183 
-.163 
-.295 
.192 
-.137 
1-6 
V»5 
.429 
.529 
.100 
.089 
.931 
.983 
.026 
-.014 
.172 
.107 
.606 
.289 
.424 
.348 
1-7 
*4"F5 
-.016 
.307 
.036 
.158 
-.310 
1.289 
.210 
.176 
.823 
-.093 
-.385 
.597 
.240 
.980 
Phenotypic weights were different for each index constructed. The 
phenotypic weights for yield ranged from -.015 to .500, indicating that the 
value of yield in each population as a measure of the true characteristic 
was variable. A similar situation existed for all characters used in the 
index. The - .015 value for yield and the large positive values of .823 and 
.210 for seed size and height, respectively, in 1-7 were of interest. 
F^-F^ phenotypic weights The seven indices constructed to be 
applied to the F4-F5 combined data were: 
1-1 - General index adjusted by phenotypic standard deviation. 
1-2 - General index using heritability weights. . 
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1-3 - Average index obtained by pooling F^-Fg combined estimates 
across all crosses and maturity groups in this study. 
1-4 - Index obtained from AX141, utilizing F^-Fg combined esti­
mates pooled across maturity groups. 
1-5 - Index obtained from AX143, utilizing F^-Fg combined esti­
mates pooled across maturity groups. 
1-6 - Index obtained from AX144, utilizing F^-Fg combined esti­
mates pooled across maturity groups. 
1-7 - Index obtained from AX148, utilizing F^-Fej combined esti­
mates pooled across maturity groups. 
The phenotypic weights obtained from the F4-F5 evaluation (Table 14) 
varied less than those from the F^. The decrease in variability could be 
attributed to increased precision of the variance-covariance evaluation 
and the partitioning of the genotype by environment interaction from the 
genetic estimates. 1-7 had a positive weight for yield in contrast to 
the negative value obtained from the F^ data. This indicated a change in 
the relationship of yield and the other characters in the Fg. 
I-3R from the F^ evaluation and 1-3 from the F^-F^ evaluation were 
computed from the same variance and covariance components and differed 
only in that 1-3 was based on two replications each in three environments 
and I-3R was based on two replications in one environment. It is evident 
from the phenotypic weights of I-3R from the F4 and 1-3 from the F^-Fg 
(Table 14) that increasing precision changed the relationship among the 
attributes as to their value in selecting for yield. The phenotypic weight 
for yield changed from .254 to .479 for the F4 to F^-F^, indicating the 
greater value of yield in measuring the yielding potential of a line. 
From the empirical results of Harris (1961), the F^-Fg estimate of the 
phenotypic values would be a better approximation of the true phenotypic 
66 
weights than the estimates. 
The two general indices, 1-1 and 1-2, were in relatively good agree­
ment for the phenotypic weights. 1-1 had a slightly higher value for 
lodging, height, and oil, but a smaller value for maturity, seed size, and 
protein percent. 1-2 appeared to be in closer agreement with the average 
and specific indices than 1-1. The -.022 phenotypic weight for seed size 
in 1-1 as compared to the positive values for the specific indices was 
the most observable difference. Selection advance was used to further 
evaluate these relationships. 
Selection advance 
The basic objective of any selection program is to maximize genetic 
advance in the population. The expected genetic advance depends upon four 
main factors: (1) the intensity of selection among the lines in the popu­
lation under study, (2) the amount of genetic variation present in the 
population, (3) the magnitude of the masking effect of environment upon 
the characters investigated, i.e. heritability, and (4) the correlation 
between the index and the genotypic value for yield. 
Predicted selection advance for the various indices was computed from 
the relation: 
A G = k v/£ bigiw 
where k is the selection differential in standard units obtained from 
appropriate normal distribution tables (the b^ values are the phenotypic 
weights, and the gj.w values are the genotypic variance and covarlances 
for the character concerned). Since k is expressed in standard units it 
is affected only by a change in selection intensity. The k value could 
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have been computed from the expression: 
hll. 
Where Is is the mean of the index values of the selected group, I is the 
mean index value for the entire population, and is the standard devia­
tion of the index values. 
Another quantity which is of value is A 6', which is the advance 
expected from a population using the phenotypic weights computed from a 
second population. This advance was calculated from the expression: 
f biSiw 
AG,=^PTj 
where the b^,s are phenotypic weights computed from the second population; 
while the g£W's are the genotypic variance and covarlances of the character 
of interest, and p_ is the complete phenotypic variance and covariance 
matrix for the population undergoing selection. All possible estimates of 
A G and A G1 were computed. 
Selection advance was also computed based upon selection for yield 
alone. Correlated selection was evaluated for characters which might be 
used for indirect yield selection. The response from selection of an 
individual character, i.e. yield, can be expressed as: 
A Gx = k H% , 
where k is the selection differential, is the square root of heritabil­
ity, and (Tn,^ is the genetic standard deviation for that character. 
Selection for character y by utilizing the genetic correlation between 
the characters is expressed as: 
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A Gx = k 4 
where the additional parameter rm is the genetic correlation between the 
two characters. A Gx for yield in bushels per acre was calculated utiliz­
ing yield alone and by using the correlated characters seed size, height, 
oil percent, and protein percent for the and F^-Fg combined. Phenotypic 
score was utilized only for the F^. 
The ratio of the advance by the other selection schemes to the 
selection advance obtained by the specific index gave a measure of effic­
iency. Hanson and Johnson (1957) showed that the ratio A_S_ was equal to 
A G 
the correlation between two indices. In this study these ratios were also 
taken as a measure of the efficiency of the various procedures. Due to 
the maximization process the efficiency would be equal to or less than one. 
F^ predicted and actual yield advance The results presented in 
Table 15 indicated that the predicted yield advance for the specific index 
was superior to all the other selection schemes. A comparison of I-3R and 
1-3 in their relationship to the specific indices indicated that 1-3 was 
superior to I-3R in the combined, AX141 and AX148 populations, and inferior 
in AX143 and AX144. It may be recalled that these two indices differed 
only in that for 1-3 the genotype x environment interaction was present as 
a bias in the genotypic estimates. 
The specific indices, 1-4 to 1-7, gave greater predicted advance for 
the population from which they were computed than any other selection 
schemes tested. The efficiency of the various specific indices when 
applied to other populations was very good, and with the exception of 1-7 
was better than average indices. 1-7 was not highly efficient when applied 
Table 15. predicted yield (bu./a.) advance and efficiency for various indices and other selection 
procedures for a 10 percent selection differential 
Selection 
procedures 
Combined AX141 AX143 AX144 AX148 
S.A.* Eb S.A. E S.A. E S.A. E S.A. E 
I-3R 1.95 .90 .90 .69 2.37 .89 2.34 .79 .76 .56 
1-3 2.16 1.00 1.02 .78 2.18 .82 1.76 .60 .77 .57 
1-4 
O
 
CM T-
4 
.56 1.30 1.00 2.18 .82 2.47 .84 .94 .69 
1-5 1.81 .84 1.08 .83 2.67 1.00 2.69 .91 .72 .53 
1-6 1.67 .77 1.12 .86 2.39 .89 2.95 1.00 .63 .46 
1-7 1.23 .57 .71 .55 1.31 .49 .97 .33 1.35 1.00 
Yield 2.13 .98 1.01 .78 2.60 .98 2.76 .93 .54 .40 
Yield (S.S.)C 1.08 .50 .92 .71 .82 .30 1.61 .54 .98 .72 
Yield (Ht.)c .59 .27 .32 .24 1.08 .40 .34 .12 .59 .44 
Yield (P.)c .00 .00 .36 .28 -.65 -.24 .81 .27 -.43 -.32 
Yield (a.)c .62 .29 .15 .11 1.10 .41 .90 .30 .40 .29 
Yield (P.S.)C .94 .43 .42 .32 .93 .35 1.68 .57 .69 .51 
^Selection advance. 
^Efficiency relative to the specific index. 
cYield advance by selecting for seed size (S.S.) etc. 
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to the other populations. Similarly, the other indices performed relative­
ly poor on the AX148 population. The reciprocal efficiencies between 1-5 
and 1-6 were very high. This high relationship might be explained on the 
basis of the parentage of these two populations, i.e. AX143 and AX144 
have a common parent in Lindarin and sister lines as the other parents. 
The data indicate that when working with populations which are closely 
related a specific index computed for one will be highly efficient when 
applied to the other. Since sister lines are involved in all these 
crosses, it might be expected that the correlations among the specific 
indices would be higher in this material than if the populations had been 
of completely unrelated origin. 
The other selection methods showed varying degrees of relationship 
with each other and with index selection. Selection for yield alone had 
greater predicted advance than any correlated method of selection in three 
of the four crosses, and was in very close agreement with index selection 
for the combined data and AX143. Yield advance as a result of seed size 
selection indicated that seed size would be of value in selecting for 
yield with an average advance of about 50 percent of the maximum value 
obtained by specific index selection. In fact, selection for seed size in 
AX148 resulted in a greater yield advance than that from selection for 
yield itself. Similarly, height gave favorable predicted values and was 
also superior to yield selection in AX148. Such a relationship can be 
examined by considering the following diagram: 
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Phenotypic Genotypic 
Height H = .517 Height 
r. m .555 
Yield H =» .134 Yield 
Seed Size H = .885 Seed Size 
r = .699 
m 
where the values for H and rm are heritabilities and genetic correlations, 
respectively, from the data of the AXL48 population. If the expression 
given for correlated selection is recalled, we see that the path of seed 
size phenotypic to seed size genotypic and from seed size genotypic to 
yield genotypic would result in a greater yield advance than the shorter 
path of yield phenotypic to yield genotypic. Mathematically the expression 
for the seed size path would be: 
It is clear that the seed size path produces more gain than selecting for 
yield alone. A similar argument can be used for height. 
Height, seed size, oil percent, and phenotypic score gave advance in 
yield by correlated selection. On the average protein percent gave no 
advance. The greatest response was from seed size. Advance with a ten 
percent selection differential averaged 1.08 bushels per acre as compared 
to 2.13 bushels per acre from yield selection alone. In two crosses seed 
size efficiency was .7 that of the specific index. Height selection gave 
an advance about 25 percent that of yield. Phenotypic score advance was 
AG = (k) (.885A.699) or 
x mjj 
and the yield path 
AG, = <k)(.134)% . 
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on the average .1 bushel per acre less than seed size. The results from 
predicted advance in the F^ indicated seed size and height to be of value 
for yield selection in a program where yield testing is limited. Pheno­
typic score was inferior to all index procedures in three populations and 
comparable in the fourth population. The results indicate that phenotypic 
selection would be of value only in instances where actual measurement 
of the characters was not feasible. 
The reliability of the various predictions can be measured by actual 
yield advance. Mean F5 agronomic and chemical performance data by cross 
and combined across crosses for the lines selected in the F^ by the various 
procedures are presented in Table 16. From these mean yield values and 
the overall F^ means for the respective population, actual selection advance 
was calculated. Predicted and actual selection advance based on a 10 per­
cent selection differential are presented in Table 17. Actual advance 
from a randomly selected 10 percent of lines was .02 bushels per acre, 
which approximates zero. However, the results of random selection by cross 
indicate that, by chance, actual advance as great as .69 bushels per acre 
may be obtained. This amount of advance exceeds that obtained by some of 
the selection procedures, and indicates the variable relationship of actual 
and predicted advance. Actual and predicted advance are presented graph­
ically for particular selection procedures in Figure 1. 
The specific index actual advance was greater than any other procedure 
for crosses AX143 and AX144, and only slightly less in AX141. In AX148, 
I-3R was superior to 1-3 and the specific indices. The actual advance 
of I-3R, 1-3, and the specific when averaged across four crosses was 1.50, 
1.02, and 1.93 bushels per acre, respectively. The results indicated 
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Table 16. Mean agronomie and chemical performance for top 10 percent of 
lines selected in the and evaluated in the Fg generation 
Selection Mat­ Lodg­ Seed 
procedure Yield urity3 ing Height size Protein Oil P.S.b 
(bu/a) (in.) (g/100) (%) (%) 
AX141° 
Random 41.6 23 1.8 41 17.4 41.3 19.8 2.7 
P.S.b 41.3 23 1.6 42 17.1 41.5 19.5 2.5 
Yield 42.4 22 1.8 41 17.8 41.5 19.9 2.7 
I-3R 42.6 31 1.9 42 17.6 41.4 19.7 2.7 
1-3 42.5 22 1.8 41 18.0 41.8 19.7 2.8 
1-4 42.4 22 1.6 42 18.5 41.9 19.6 2.6 
1-5 42.3 22 1.8 42 17.9 41.6 19.8 2.7 
1-6 42.7 23 1.9 42 17.8 41.6 19.7 2.7 
1-7 41.9 24 1.9 43 18.0 41.4 19.7 2.6 
AX143C 
Random 40.2 21 1.9 41 15.9 40.8 20.3 2.6 
P.S. 41.3 23 1.7 42 16.0 41.3 20.3 2.3 
Yield 42.3 22 1.8 42 16.3 40.4 20.6 2.5 
I-3R 41.8 24 2.0 42 16.0 40.2 20.8 2.6 
1-3 41.5 22 2.0 43 16.7 40.8 20.5 2.6 
1-4 41.9 21 1.8 42 16.9 41.3 20.3 2.5 
1-5 42.6 23 1.8 42 16.3 40.4 20.7 2.5 
1-6 42.3 22 1.7 42 16.5 41.1 20.3 2.4 
1-7 40.5 23 2.2 43 16.8 40.7 20.7 2.8 
AX144C 
Random 39.3 22 2.2 44 15.0 39.8 21.4 2.9 
P.S. 42.0 21 1.7 44 16.0 40.5 21.4 2.3 
Yield 43.4 22 1.9 45 15.4 40.0 21.5 2.5 
I-3R 42.1 23 2.2 45 15.6 40.0 21.5 2.7 
1-3 41.0 23 2.4 45 15.4 39.9 21.6 3.0 
1-4 43.2 22 1.9 44 16.2 40.5 21.3 2.4 
1-5 42.7 22 2.0 45 15.4 40.1 21.5 2.6 
1-6 43.7 22 1.9 45 15.6 40.3 21.3 2.4 
1-7 40.5 23 2.3 46 16.0 39.7 21.4 2.8 
aDays from August 31. 
^Phenotypic score. 
cMean 15 lines each procedure. 
Table 16. (Continued) 
Selection Mat­ Lodg­ Seed 
procedure Yield urity® ing Height size Protein Oil P.S.b 
(bu/ a) (in.) (g/100) (%) (%) 
AX148C 
Random 40.0 24 2.4 46 15.1 39.4 22.0 2.9 
P.S. 41.5 26 2.2 46 15.6 39.4 21.9 2.8 
Yield 40.3 24 2.3 46 15.2 39.3 22.2 2.8 
I-3R 40.6 25 2.6 47 15.3 39.3 22.0 2.9 
1-3 40.1 24 2.5 46 15.6 39.3 22.1 3.0 
1-4 40.7 25 2.2 46 15.9 39.5 22.0 2.7 
1-5 40.8 24 2.4 46 15.3 39.3 22.2 2.8 
1-6 40.4 25 2.4 46 15.6 39.5 22.0 2.9 
1-7 40.0 25 2.4 46 15.9 39.4 22.1 2.9 
Combined^ 
Random 40.3 22 2.1 43 15.8 40.3 20.9 2.8 
P.S. 41.5 23 1.8 44 16.2 40.7 20.8 2.5 
Yield 42.1 23 2.0 43 16.2 40.3 21.0 2.6 
I-3R 41.8 26 2.2 44 16.1 40.2 21.0 2.7 
1-3 41.3 23 2.2 44 16.4 40.8 21.0 2.8 
1-4 42.0 23 1.9 44 16.9 40.8 20.8 2.6 
1-5 42.1 23 2.0 44 16.2 40.3 21.0 2.6 
1-6 42.3 23 2.0 44 16.6 40.6 20.8 2.6 
1-7 40.7 24 2.2 44 16.7 40.3 21.0 2.8 
^Mean 60 lines each procedure. 
that there is a certain degree of specificity in any population and that 
this specificity gave on the average about .91 and .43 bushels per acre 
advance above that of 1-3 and I-3R, respectively. Two factors that should 
be considered relative to these differences are: (1) the effect of geno­
type x environment interaction, and (2) the errors in parameter estimation. 
The effect of genotype x environment interaction can be observed in 
the following results: 
Table 17. Predicted and actual selection advance for yield from F4 to F5 generation by cross and 
combined crosses for a 10 percent selection differential 
Selection AX141 AX143 AX144 AX148 Combined* 
procedures Predicted Actual Predicted Actual Predicted Actual Predicted Actual Predicted Actual 
Random .00 .69 .00 -.26 .00 - .86 .00 .51 .00 .02 
P.S. .42 .36 .93 .89 1.68 1.79 .69 2.00 .94 1.26 
Yield 1.01 1.49 2.60 1.86 2.76 3.24 .54 .81 2.13 1.85 
I-3R .90 1.65 2.37 1.36 2.34 1.91 .76 1.08 1.95 1.50 
1-3 1.02 1.59 2.18 1.04 1.76 .83 .76 .60 2.16 1.02 
1-4 1.30 1.50 2.18 1.45 2.47 3.01 .94 1.25 1.20 1.80 
1-5 1.08 1.37 2.67 2.18 2.69 2.47 .72 1.32 1.81 1.84 
1-6 1.12 1.80 2.39 1.85 2.95 3.52 .63 .96 1.67 2.03 
1-7 .71 .99 1.31 .07 .97 .33 1.35 .52 1.23 .48 
Fg mean 40.92 40.42 40.20 39.47 40.25 
^Average of all crosses. 
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Predicted Actual 
Percent actual 
of predicted 
I-3R 1.59 1.50 90 
1-3 1.43 1.02 71 
These data indicate that the actual advance realized for I-3R was 19 per­
cent greater than that obtained for 1-3. It is evident that the genotype 
x environment interaction was of value in prediction of advance. However, 
this predicted advance failed to materialize when the material was evaluat­
ed in a different environment. These results emphasize the fact that any 
bias in the genetic component that is not repeatable across environments 
is of little value in obtaining actual genetic advance. In fact, any 
computation of predicted advance using estimates with a genotype x environ­
ment bias will be subject to modification in either a positive or negative 
direction. 
It appears from AX148 data that large errors occurred in parameter 
estimation. In this population, the specific index did not exceed or 
approximate the other procedures in actual advance. Thus, for this pop­
ulation the estimates did not adequately describe the population parameters. 
Pooling these estimates with those of the other populations would give 
estimates for the average index construction that would include one-fourth 
of this error of estimation in AX148. Consequently, the inclusion of the 
AX148 estimates reduced the advance of the average index (1-3). 
Selection for yield alone was superior to I-3R and 1-3, but inferior 
to the specific indices. The average advance by yield alone was 1.85 as 
compared to 1.93 bushels per acre for specific indices. The data from the 
F4 evaluation indicated a superiority of the specific index over all the 
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procedures. Selection for yield alone was better than the average index 
and almost as good as specific index selection. 
The actual gain realized from phenotypic score selection was greater 
than its predicted advance, and in AX148 was superior to all index pro­
cedures and selection for yield alone. The response to phenotypic selec­
tion was variable in comparison to the other procedures. The variable 
relationship shown with phenotypic score may be related to the different 
degrees of "apparent" heterogeneity existing in these populations. This 
resulted in inconsistencies of phenotypic score rating which were reflected 
as variable actual genetic advance results. 
The effect of the various procedures on the other agronomic characters 
is given in Table 16. In general, compared to random selection all pro­
cedures delayed maturity slightly and increased height and seed size. 
Phenotypic score increased lodging resistance as expected from the corre­
lations in Table 9. The lines selected by general indices were more lodg­
ing susceptible than any of the other indices. Lodging resistance for 
specific indices in the crosses was slightly greater than the random. 
This indicated the ability of the specific indices to increase yield with 
only a slight modification of the lodging resistance of the selected lines. 
Protein and oil percent was variable with no real gain in either character. 
Clearly the new population formed by any of the procedures would be, in 
general, higher yielding and more desirable in agronomic features. 
F4-F5 selection advance Predicted selection advance for the two 
general indices, the average index, the specific indices, and for yield 
alone is presented for each cross and combined crosses in Table 18 and 
Figure 2. The data indicated a very close agreement of all the procedures 
Table 18. F,-F, combined predicted yield advance for various selection indices and other selection 
procedures for a 10 percent selection differential 
Selection Combined AX141 AX143 AX144 AX148 
procedures S.A.* E^ S.A. E S.A. E S.A. E S.A. E 
1-1 2.21 .97 1.20 .83 2.34 .97 3.08 .97 1.84 .93 
1-2 1.98 .86 1.01 .70 2.12 .88 2.88 .90 1.71 .86 
1-3 2.29 1.00 1.37 .95 2.40 .99 3.16 .99 1.80 .91 
1-4 2.21 .96 1.44 1.00 2.35 .97 3.08 .96 1.67 .84 
1-5 2.25 .98 1.33 .92 2.42 1.00 3.09 .97 1.78 .90 
1-6 2.25 .98 1.37 .95 2.35 .97 3.19 1.00 1.84 .93 
1-7 2.00 .87 .92 .64 2.07 .85 2.99 .94 1.98 1.00 
Yield 2.20 .96 1.39 .96 2.36 .97 3.08 .96 1.68 .85 
Yield (S.S.)C .77 .34 .76 .53 .72 .30 1.42 .44 .12 .06 
Yield (Ht.) 1.16 .50 .12 .08 .92 .38 2.17 .68 .83 .42 
Yield (P.) .11 .05 .21 .15 -.60 -.25 .86 .27 -.50 .25 
Yield (o.) .42 .18 .07 .05 .51 .21 .39 .12 .68 .34 
^Selection advance. 
^Efficiency relative to the specific index. 
cYield advance by selecting for seed size (S.S.) etc. 
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used. 1-1 was superior by .19 bushels per acre to 1-2. 1-3 was superior 
to 1-2 for all crosses and to 1-1 for three crosses, with the average 
increase in efficiency being .06 and 2.5 bushels per acre, respectively. 
The specific indices, when applied to their respective populations, were 
equal to or only slightly superior to the general and average indices. 
1-1, 1-2, and 1-3 had an average correlation with the specific indices of 
.92, .84, and .96 respectively. Specific indices applied to the other 
crosses were highly correlated with the specific index for that cross. As 
in the data, 1-5 and 1-6 performed similarly on the AX143 and AX144 
populations, and 1-7 predictions were poorly correlated in all cases. 
The two general indices, 1-1 and 1-2, were developed from the same 
pooled correlation estimates. 1-1 was constructed by maximizing the cor­
relation values and transforming the values to b^ by dividing by the 
appropriate phenotypic standard deviation. 1-2 was constructed using 
heritability weights on the genotypic correlations. The superiority of 
1-1 over 1-2 was possibly due to the pooled genetic estimates, more closely 
approximating the true genetic parameters than did those estimates obtained 
in this study. Therefore, if sufficiently precise genetic estimates are 
initially available, it appears the adjustment of the general index in 
relation to the phenotypic values should be emphasized rather than the 
adjustment of the genetic relationships. 
These general index procedures are the type of indices of value in 
plant breeding. They constitute economical and effective methods of appli­
cation of selection indices in practice, having an average correlation of 
.93 with specific indices for that particular season. 
The average selection index, 1-3, was superior to the general indices. 
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However, the degree of superiority over the general indices did not appear 
large enough to warrant the effort of its construction. The average 
indices had a mean correlation of .96 with the specific indices in this 
study. Therefore, it would appear that in the absence of the estimates 
required for general indices, average index construction would be both 
efficient and desirable in terms of genetic advance and the time involved 
in computation. 
The close agreement of the general and specific indices indicated a 
relatively constant relationship among characters for the whole range of 
genotypes used in the construction of these indices. The variations 
obtained were the result of small inherent differences in the populations 
and due to errors in parameter estimation. 
As in the evaluation, the predicted genetic advance from selection 
for yield alone approximated closely the average advance from specific 
index selection. It is evident that, for a character with low heritabil-
ity, greater progress might be assured from index selection, involving a 
number of correlated highly heritable characters. 
General Discussion 
The selection advance presented for the F^ and F^-F^ combined data 
indicated the universal superiority of the specific indices, (Tables 15, 
17, and 18). The average and general indices were somewhat inferior to 
the specific index, but they have merit as a plant breeding tool because 
of their simplicity of computation. 
Selection advance for the various selection procedures averaged across 
the four populations is presented in Table 19. The specific indices 1-4, 
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Table 19. Mean yield advance of various selection procedures applied to 
all crosses 
Selection f4"f5 
procedure Predicted Actual Predicted 
1-1 - - 2.12 
1-2 - - 1.93 
I-3R 1.59 1.50 -
1-3 1.43 1.02 2.18 
1-4 1.72 1.80 2.13 
1-5 1.79 1.84 2.16 
1-6 1.77 2.03 2.19 
1-7 1.08 .48 1.99 
Yield 1.73 1.85 2.13 
P.S.a .93 1.26 -
^Phenotypic score. 
1-5, and 1-6 were superior in performance to the general and average 
indices. However, it was shown that due to the common parentage of the 
populations the reciprocal correlations among their specific indices were 
greater than would be expected from unrelated populations. The performance 
of the average indices was less than expected due to the inclusion of the 
poor estimates obtained for cross AX148 in the generation. With in­
creased precision of the parameter estimates using the combined F^-F,. data, 
the magnitude of the differences among all the indices was reduced. The 
mean advance of the general indices as compared to the other index pro­
cedures showed the general index approach to be almost as efficient as an 
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average index. 
Heterogeneity within the line affected the genetic progress by: (1) 
the amount of variation present within the line which could not be utilized 
in selection, and (2) the magnitude of the genotype x environment inter­
action due to homeostatic reaction of the lines. As indicated previously, 
approximately half of the total genetic variance was available for the 
estimation of the parameters. Consequently, the precision of parameter 
estimation was not optimum. On the principle of genetic homeostasis the 
heterogeneous material did not respond to environment changes as would 
homogeneous material. As a result, a reliable measure of the genotype x 
environment interaction was not obtained. Therefore, it is considered 
that, in general, the heterogeneous material may have hindered the index 
selection and favored the single character selection. 
Selections were made within a particular cross-maturity group, i.e. 
using the 10 percent selection differential, five lines were selected from 
each maturity group. Consequently, even if one maturity group had more 
than 10 percent of the superior lines for that cross, only five were 
selected. This restriction would produce advance less than the maximum 
in that group of lines. Since all selection procedures were applied with 
this restriction, their results were comparable. 
Efficiency of Selection Procedures 
The practical utility of the selection procedures for early generation 
testing can be evaluated by considering the rank order of the lines for 
each procedure in each generation. The ability of any procedure to 
identify elite genotypes for yield is related to the degree of coincidence 
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of its rank order in any generation to the order of the genotypes obtained 
from advanced generation yield tests. 
Selection efficiency in the Fg 
The most precise estimates of yielding ability in this study were 
given by the combined and data. The selection procedures applicable 
to the Fg generation were selected by yield alone, and by phenotypic score. 
These were applied on the basis of a single unreplicated observation. 
The top yielding 10 percent of the lines from the F4-F5 combined data 
were identified. The rank position of these lines for yield and phenotypic 
score in the F3 is given in Table 20. Mean rank by cross-maturity group 
and combined by cross, by maturity group across crosses, and across crosses 
and maturities is presented in Table 21. 
It is evident (Table 20) that the two procedures showed little agree­
ment in the rating of these elite lines. Only in six cases were the lines 
ranked above 10 by both yield and phenotypic score, and these instances 
were counterbalanced by the extreme divergence of the two systems in many 
cases. Clearly, the techniques were not selecting the elite yielding 
lines with any degree of accuracy; and, in fact, these lines appeared to 
fall at random in any portion of the F3 rank distribution. 
However, the combined mean ranking (Table 21) indicated the mean 
over-all ranking by phenotypic score to be slightly superior to yield 
selection. This was due to phenotypic scores greater efficiency in three 
out of the four crosses. The average phenotypic score ranking was fairly 
consistent across maturity groups, whereas yield selection varied from a 
relatively high efficiency in the early maturity group to relatively low 
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Table 20. Position of the superior yielding 10 percent of F^-Fg combined 
lines in the F-j population as ranked by phenotypic score and 
yield by cross-maturity group 
Maturity 
group Line 
Phenotypic 
score Yield 
Early 
AX141-014 
007 
016 
064 
079 
19 
45 
46 
36 
40 
28 
37 
19 
35 
24 
Midseason 
AX141-024 
137 
133 
080 
163 
7 
30 
15 
24 
22 
4 
43 
38 
26 
21 
Late 
AX141-212 
189 
131 
172 
155 
23 
36 
31 
4 
19 
25 
1 
5 
7 
26 
Early 
AX143-129 
033 
089 
175 
098 
28 
21 
18 
26 
19 
23 
7 
11 
32 
4 
Midseason 
AX143-227 
270 
248 
263 
252 
43 
25 
9 
15 
23 
18 
39 
32 
41 
19 
Late 
AX143-445 
464 
447 
403 
478 
6 
23 
42 
1 
25 
3 
26 
35 
43 
33 
^Maximum rank value equal 50. 
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Table 20. (Continued) 
Maturity Phenotypic 
group Line score Yield 
Early 
AX144-049 18 5 
Oil 1 9 
041 28 8 
030 15 29 
079 34 25 
Midseason 
AX144-095 10 29 
015 9 8 
054 16 18 
053 15 35 
020 22 15 
Late 
AX144-168 28 29 
115 30 50 
135 19 8 
200 17 17 
116 8 33 
Early 
AX148-049 2 3 
005 12 14 
033 44 15 
092 23 22 
077 11 16 
Midseason 
AX148-022 17 38 
070 2 47 
052 41 49 
084 27 18 
091 29 41 
Late 
AX148-137 27 44 
187 28 32 
127 32 1 
123 49 7 
107 5 37 
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Table 21. Mean ranking of superior 10 percent of F4-F5 combined lines by 
cross-maturity group and combined in the F3 generation by yield 
and phenotypic score 
Cross Maturity Phenotypic Yield 
group score 
AX141 
Early 37a 29 
Midseason 20 26 
Late 23 13 
Mean 26 23 
AX143 
Early 22 15 
Midseason 23 30 
Late 19 28 
Mean 22 24 
AX144 
Early 19 15 
Midseason 14 21 
Late 20 27 
Mean 18 21 
AX148 
Early 18 14 
Midseason 23 39 
Late 28 24 
Mean 23 26 
All Early 24 18 
All Midseason 20 29 
All Late 23 23 
Overall Mean 22 23 
^Maximum rank value equal 50. 
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efficiency in the midseason group. Consequently, yield ranking was six 
rank positions more efficient than phenotypic score in the early group, 
whereas phenotypic score was nine rank positions superior to yield in the 
midseason group. 
Selection efficiency in the F4 
The Fg lines, evaluated in two replications in each of two environ­
ments, were used to estimate the efficiency of the various F^ selection 
procedures. F4 selection was based on two replications in one environment, 
and included yield, phenotypic score, 1-3, I-3R and the specific index 
for each cross. The top yielding 10 percent of the F5 lines were identifi­
ed and presented with their respective ranking for the selection procedures 
in the F^ generation (Table 22). Mean rank values by cross-maturity group 
and combined in various combinations are presented in Table 23. 
Clearly, there was greater divergence in the rank value of the elite 
Fg lines for yield and index selection than for phenotypic score (Table 
22). Yield and the indices tended to select a number of the elite geno­
types but also rated a number as low ranking undesirable lines. In con­
trast, phenotypic score rated the lines to be generally of average rank, 
with very few identifications as elite lines. It is evident that the use 
of yield or the index procedures could have resulted in the selection of 
a number of the elite lines, whereas few would have been identified by 
phenotypic score selection. 
The mean cross-maturity group values (Table 23) indicated an inter­
action between cross-maturity group and the selection procedures. There 
appeared to be no consistent trend in this interaction. However, the mean 
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Table 22. Position of the superior yielding 10 percent of F_ lines in 
the F4 population as ranked by various selection procedures 
by cross maturity group 
Maturity Phenotypic Specific 
group Line score Yield I-3R 1-3 index 
Early 
AX141-014 23a 18 8 4 4 
007 42 25 13 26 35 
064 50 27 12 7 26 
089 34 37 32 42 42 
016 37 2 1 1 8 
Midseason 
024 27 4 2 4 8 
130 12 34 23 10 5 
015 18 23 36 35 25 
013 8 47 40 50 45 
133 14 8 17 19 18 
Late 
212 9 3 7 5 3 
189 18 2 1 1 1 
062 22 32 43 37 35 
172 19 6 5 8 6 
126 15 19 23 28 18 
Early 
129 18 2 3 10 2 
175 4 9 15 14 9 
098 24 8 6 4 8 
103 17 13 14 19 15 
033 30 3 4 1 4 
Midseason 
Late 
277 41 41 43 43 40 
270 6 6 16 31 14 
227 17 1 20 7 3 
248 34 15 17 24 21 
252 5 17 34 25 10 
464 13 13 11 12 9 
454 25 17 6 10 13 
445 16 2 3 5 2 
403 26 6 7 14 5 
467 42 19 16 20 21 
^Maximum rank value equal 50. 
16 
17 
15 
10 
4 
9 
28 
1 
10 
22 
5 
7 
19 
22 
25 
14 
11 
29 
9 
1 
10 
28 
6 
4 
23 
50 
25 
33 
93 
(Continued) 
Phenotypic 
Line score Yield I-3R 1-3 
•049 7 4 6 9 
Oil 8 2 5 7 
041 4 16 21 39 
083 9 26 33 35 
079 11 14 23 28 
095 5 4 8 11 
053 28 3 6 7 
020 24 9 10 27 
038 31 40 43 50 
015 2 1 1 4 
177 6 21 28 37 
116 8 18 29 38 
115 10 5 6 17 
196 9 10 12 25 
123 15 14 25 27 
005 5 18 26 36 
077 8 23 10 11 
049 4 9 9 10 
092 3 14 13 34 
071 14 15 19 26 
022 41 7 4 3 
141 16 41 23 18 
052 20 13 9 7 
084 40 17 20 26 
070 11 2 3 5 
127 2 25 36 24 
137 3 10 14 16 
107 5 26 44 46 
136 22 31 41 39 
100 23 20 34 30 
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Table 23. Mean ranking of superior Fg lines by cross-maturity group and 
combined in the F^ generation by various selection procedures 
Maturity Phenotypic Specific 
Cross group score Yield I-3R 1-3 index 
AX141 
Early 37a 21 13 16 23 
Midseason 16 23 24 24 25 
Late 17 12 16 16 13 
Mean 23 19 18 19 20 
AX143 
Early 19 7 8 10 8 
Midseason 21 16 26 26 18 
Late 24 11 9 12 10 
Mean 21 11 14 18 12 
AX144 
Early 8 12 18 24 10 
Midseason 18 11 14 20 10 
Late 10 14 20 29 12 
Mean 12 12 17 24 11 
AX148 
Early 7 16 15 23 20 
Midseason 26 16 12 12 11 
Late 11 22 34 31 27 
Mean 15 18 20 22 19 
All Early 18 14 14 18 15 
All Midseason 20 16 19 20 16 
All Late 16 14 20 22 16 
Overall Mean 18 15 17 21 16 
^Maximum rank value equals 50. 
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ranking by cross across maturity groups showed very similar efficiency 
for yield and specific indices. In most cases, the average indices 1-3 
and I-3R were inferior to yield and the specific indices. Phenotypic score 
was superior to all other selection procedures for AX148. 
The mean rank values across maturity groups indicated greater effic­
iency of all procedures in the early group than in midseason and late 
maturities. In general, the lowest efficiency of selection occurred in 
the midseason group. On the basis of the over-all rank mean, yield selec­
tion was the most efficient procedure. However, with the exception of 
1-3, there were only small differences in the over-all efficiency of any 
of these techniques. 
The cause of the low efficiency in identification of elite lines by 
these techniques in early generations may be that (1) error of evaluation 
in the Eg was greater than the magnitude of the true differences among 
the lines, and (2) the amount of bias in expression due to the heterozy­
gosity and heterogeneity present in these lines. That the procedures had 
some effect when evaluated on one replication in the F3 is evident. How­
ever, comparison of yield and phenotypic score selection in the F3 and F4 
indicates the effect of increased precision in the year of selection 
(Tables 21, 23). The average phenotypic score rank improved by four posi­
tions, whereas yield selection was superior in the F4 by eight rank posi­
tions. Clearly, increasing precision resulted in a marked increase in 
yield selection efficiency. Phenotypic score was affected less by the 
increasing precision. Index selection was of comparable over-all effic­
iency to yield selection. However, the efficiency of the various indices 
differed across maturity groups and crosses. 
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Elite line distribution 
Utilizing the elite lines identified in advance generation and their 
position as ranked in the earlier generation by various selection proce­
dures , a cumulative distribution of the number of elite lines relative to 
the total population being evaluated was constructed for the F3 and F4 
generations. 
The cumulative distribution of the F4-F5 lines in the combined F3 
populations (Figure 3) indicated that the elite lines tended to be selected 
at random, e.g. selection of the top 10 percent of the F3 population re­
sulted in seven lines for yield selection and six lines for phenotypic 
score, while by random chance alone six lines would have been selected. 
Similarly, to retain 50 percent of the lines, a selection pressure of 50 
percent was necessary in the F3 generation. 
The cumulative distribution of the Fg lines in the F4 population is 
presented in Figure 4. Compared to the F3, the F^ procedures were more 
effective in identifying elite lines. For example, a 10 percent selection 
differential would include 15 lines instead of the seven in the F3 evalu­
ation. This was an increase in efficiency of 100 percent. To retain 50 
percent of the elite lines a selection differential of 30 percent need be 
utilized as compared to the 50 percent needed in the F3. Recalling the 
difference in precision of the F^ and F4, the data indicated that there 
was a direct relationship between increased precision and efficiency of 
approximately one to one. 
The various procedures applied in the F^ indicated that yield and 
specific index more readily identified the elite lines. Phenotypic score 
and I-3R performed similarly. 1-3 was inferior to all procedures through-
I |PHENOTYPIC SCORE 
M YIELD 
to 
u. 
60 
LU 50 
40 
LU 
TU 30 
20 
10 
.1 .2 .3 .4 .5 . 6  .7 1.0 
PROPORTION OF F3 POPULATION 
Figure 3. Cumulative distribution of selected F^-Fg lines in the F, population by yield 
and phenotypic score selection 
V) 
UJ 
z 
m ÙL 
o 
UJ 
I-
o UJ 
_J 
UJ (/) 
a: 
UJ 
m 
2 
ZD 
Z 
60 
50 -
40 
3 0 -
20-
10 
N 
li 
.1 
Figure 
ii 
.3 .4 
• PHENOTYPIC SCORE 
ES YIELD 
EZ3 I 3 
• SPECIFIC INDEX 
\| 
. 6  
I 
.7 
S 
n 
1.0 
PROPORTION OF F* POPULATION 
4. Cumulative distribution of selected F= lines in the FA population by 
selection procedures 
various 
99 
out. These results are in agreement with those obtained in the previous 
section. 
The data from Figure 3 indicated that selection in the Fg generation 
evaluated with low precision, using a 10 percent selection differential 
was of no value. However, increasing the precision increased efficiency 
markedly (Figure 4). The results suggested that for maximum efficiency 
in a breeding program, replicated evaluation is desirable. The number of 
replications and plot size is dependent upon the seed available, and the 
magnitude of the within and among plot variances. The total error variance 
related to a plot can be expressed as: 
n 
where 
= within plot variance, 
= between plot variance, 
n = number of plants, and 
r = number of replications. 
Since r is a divisor in both components, evaluation in replicated 
short plots may be more effective than in unreplicated long plots. The 
selection differential should be increased as precision of evaluation is 
decreased. Consequently, the breeder must decide upon the plot size, 
replication,and selection differential when planning a breeding program. 
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SUMMARY AND CONCLUSIONS 
General, average, and specific selection indices were constructed and 
evaluated for four segregating soybean populations, consisting of Fg 
derived lines tested in the F^ and Fg generations. Testing was done using 
two replications at one location in the F^, and two replications at each 
of two locations in the F^. Evaluations were based on the F^ data alone, 
and the F^-F^ combined data. 
General selection indices were constructed from a number of population 
estimates other than those from the populations under study. Using two 
modifications (heritability weights and phenotypic standard deviations), 
the correlation phenotypic weights, B^'s, were transformed to a comparable 
base of covariance phenotypic weights, b^'s. The general indices were 
applied to the F^-F^ combined data. 
Average selection indices were obtained by pooling estimates from 
the four populations under study. A reconstituted average index was 
constructed utilizing F4-F5 variance components. This index differed from 
the F4 average index in that the estimates were determined with greater 
precision. In addition, the genotype x environment interaction component 
was not included in the genotypic estimates. Average indices were computed 
for the F^ and F^-Fg combined data. 
A specific index was constructed for each population in the F^ and 
F4-F5 combined generations using estimates from each population. Also, 
specific indices were utilized to determine their value when applied to 
other populations. 
Comparisons of average indices, specific indices, random, phenotypic, 
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and yield selection were made in the F^. Specific indices exceeded all 
other selection methods in predicted advance and were superior in actual 
advance in three of the four populations. Comparison of predicted and 
actual advance for the F^ average and F^ average reconstituted index indi­
cated that the genotype x environment component was of value in yield 
prediction, but was of little value in producing actual gain. This was 
attributed to the differences between the F, environment in which selection 
4 
took place and the F^ environment in which a more precise yield evaluation 
was conducted. 
In the combined F4-F5 evaluation for yield advance, the correlation 
for the general and average indices with the specific indices was .94 and 
.96, respectively. The small advantage obtained from a specific index 
would not warrant its calculation. However, owing to the simplicity of 
application, general index selection would be of value in a breeding pro­
gram. These procedures resulted in 2.2 and 2.3 bushels per acre for the 
general and specific indices, respectively, in the F^-F^ tests. 
The closely related parentage of AX143 and AX144 was reflected in the 
high correlation of their specific indices. It appears that when a common 
parentage is involved with ensuing related progenies, any specific index 
may well be adequate for selection in the specific environment tested. 
The AX148 specific index suggested that the parameter estimates obtained 
for this population were of low precision. Poor population estimates are 
highly undesirable, but would be expected to occasionally occur even with 
the best evaluation techniques. The general and average indices as used 
herein were less subject to such inaccuracies than were specific indices. 
Selection for yield by phenotypic score was inferior to all index 
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procedures for three populations. This illustrated the evaluator's poor 
"subjective index". For the fourth population (AX148) phenotypic score 
selection produced actual advance superior to all other procedures. The 
results indicated that inaccuracies can occur in visual evaluation of a 
complexly inherited trait such as yield. 
Selection using yield itself was found to be less efficient than 
specific index selection in predicted yield advance, but was equal in 
actual yield advance. Therefore, it is evident that selection indices 
may be of practical value in yield selection, particularly for those 
generations in which accurate and replicated yield tests may not be 
possible. 
The procedures used in the F3 and F^ indicated that for maximum 
selection efficiency plot size and replication number always should be 
considered relative to the size of the selection differential. 
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Table 24. Mean agronomic and chemical performance by cross and maturity 
group for the generation grown at the Agronomy Farm, 1961 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (7.) (%) P.S.C 
Early 
AX141-002 40.7 10 1.4 37 15.4 42.9 19.7 2.8 
004 41.9 10 1.3 37 14.9 43.7 18.6 2.5 
005 36.4 12 1.5 40 13.9 43.0 18.5 2.9 
007 39.5 14 1.5 38 14.8 43.2 18.7 2.9 
009 38.0 10 1.1 38 15.6 45.7 18.5 2.5 
011 40.9 09 1.0 40 16.1 44.2 19.6 1.2 
012 38.0 14 1.6 38 15.1 44.3 18.6 3.2 
014 40.0 12 1.4 40 16.0 45.4 19.5 2.5 
016 42.9 12 1.6 40 14.9 45.0 19.4 2.8 
021 42.9 11 1.4 40 15.7 45.4 19.0 2.8 
022 40.2 12 1.6 38 16.0 44.0 19.8 3.1 
029 39.6 11 1.4 38 14.1 44.4 18.7 2.9 
035 40.7 10 1.3 40 14.2 44.6 18.9 2.3 
037 34.9 12 1.7 38 14.9 45.9 18.0 2.8 
038 39.6 13 1.6 41 15.1 44.8 18.4 2.9 
039 36.0 12 1.3 40 14.8 45.5 17.8 2.4 
040 38.0 12 1.4 40 13.7 44.5 17.8 2.6 
041 38.8 12 1.4 38 15.3 42.9 19.9 2.9 
042 39.5 12 1.4 42 14.1 44.2 18.6 2.1 
045 35.6 11 1.7 38 14.4 44.5 18.3 2.8 
046 38.7 10 1.4 38 14.5 45.9 17.4 2.8 
047 38.6 09 1.3 38 14.5 44.6 18.2 2.4 
048 38.9 11 1.9 40 15.0 45.1 17.9 3.1 
064 39.2 14 1.7 38 16.1 44.7 17.8 3.4 
066 39.6 14 1.4 42 14.5 45.3 17.7 2.2 
067 37.0 10 1.3 38 13.4 44.4 18.9 2.5 
068 41.7 10 1.4 37 15.2 43.6 19.1 2.9 
069 37.7 10 1.3 38 14.0 45.3 17.9 2.5 
070 37.6 14 1.5 40 15.8 43.0 18.9 2.7 
071 39.5 08 1.2 38 14.8 44.4 18.4 2.1 
072 35.1 10 1.4 37 14.3 43.9 17.7 2.8 
073 41.2 09 1.2 38 14.9 44.7 18.7 1.5 
074 38.5 10 1.1 40 13.8 44.9 18.5 2.1 
075 41.8 16 1.4 40 15.6 43.7 18.9 2.6 
076 39.8 10 1.3 40 14.8 44.7 18.4 2.4 
077 41.0 09 1.3 40 14.8 43.8 19.2 2.7 
aEach line mean of two replications. 
^Days from August 31. 
^Phenotypic score. 
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Table 24- (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line8 (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX141-079 41.6 12 1.3 40 14.8 45.1 18.5 1.7 
082 40.7 12 1.3 40 16.1 44.5 18.3 1.9 
084 40.0 12 1.4 40 15.8 45.4 18.0 2.2 
086 35.7 10 1.2 41 13.4 44.2 18.3 2.3 
087 37.8 12 1.3 40 14.4 44.6 18.7 1.9 
088 40.7 12 1.3 40 13.8 44.3 17.7 1.4 
089 37.8 12 1.5 39 13.8 42.7 19.0 2.8 
092 41.1 14 1.4 40 14.2 43.7 19.7 1.9 
093 39.4 10 1.3 38 14.4 44.1 18.9 2.6 
094 40.6 10 1.2 38 14.5 44.3 18.9 2.2 
098 39.1 10 1.2 40 14.3 45.4 18.0 1.5 
107 37.1 12 1.7 36 14.6 44.1 19.3 2.8 
108 34.5 10 1.8 37 15.0 45.1 18.3 2.9 
109 36.9 12 1.6 38 14.2 45.2 17.9 3.1 
Iseason 
AX141-001 38.1 14 1.5 40 14.7 44.1 18.4 2.5 
008 36.2 26 1.6 42 13.8 43.1 18.1 2.2 
013 35.4 20 1.5 39 14.9 43.0 18.3 2.2 
015 37.6 18 1.5 40 15.1 44.0 18.4 2.3 
017 35.9 26 1.7 44 13.6 42.4 18.6 2.9 
023 37.2 17 1.5 40 14.2 43.8 18 €0 2.6 
024 42.0 28 1.7 43 15.8 43.8 17.9 2.5 
025 37.4 22 1.6 42 14.1 42.7 18.1 2.5 
027 39.2 13 1.3 40 15.9 43.7 19.0 2.3 
028 39.4 26 1.6 47 13.8 43.8 18.1 1.9 
030 39.2 18 1.5 40 14.7 43.6 18.5 2.1 
031 37.1 18 1.6 40 15.0 43.6 18.9 2.7 
034 36.8 16 1.5 40 14.5 44.3 17.6 2.7 
049 36.2 18 1.7 42 14.4 44.3 17.9 2.9 
050 38.3 24 1.5 43 15.9 45.0 18.3 2.4 
051 36.8 18 1.4 42 14.4 43.6 18.4 2.2 
054 42.2 14 1.4 41 15.8 44.3 19.7 2.1 
055 34.2 16 1.7 40 15.4 44.0 19.7 3.2 
058 37.3 18 1.6 40 15.1 44.6 18.6 2.8 
061 37.5 14 1.4 40 14.4 44.4 18.4 2.3 
063 37.2 16 1.4 39 14.8 44.8 18.5 2.6 
065 34.4 18 1.5 41 14.5 44.7 18.8 2.6 
078 37.5 16 1.6 40 15.9 44.1 18.9 2.8 
080 40.7 18 1.5 42 15.9 43.9 19.2 2.0 
081 37.7 21 1.6 43 15.8 44.1 18.2 2.3 
083 42.2 16 1.5 42 15.8 44.7 18.8 2.1 
091 37.1 20 1.5 40 15.1 44.5 19.0 2.7 
099 39.8 20 1.5 42 16.0 44.1 19.2 2.2 
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Table 24 • (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line3 (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX141-100 37.3 17 1.6 42 15.6 45.2 19.1 2.8 
102 36.8 25 1.7 43 14.5 41.6 20.7 2.7 
110 37.5 16 1.5 40 14.8 44.0 18.8 2.3 
111 37.9 18 1.6 40 15.6 44.8 18.4 2.7 
120 38.5 28 1.5 42 13.4 42.9 19.8 2.2 
121 36.2 24 1.8 44 13.7 42.3 19,3 3.0 
130 37.0 16 1.4 41 16.9 43.6 19.5 2.2 
133 39.6 18 1.5 42 14.3 44.5 19.0 2.2 
134 40.0 25 1.7 44 14.4 44.0 18.9 2.5 
135 36.1 20 1.6 44 14.6 43.1 19.1 2.8 
136 38.6 26 1.8 46 14.3 43.1 18.5 3.1 
137 43.8 20 1.6 42 17.7 44.6 18.7 2.7 
145 36.2 26 1.5 44 15.6 44.4 19.5 1.9 
146 35.7 19 1.4 42 14.8 44.5 18.1 2.2 
149 37.8 18 1.5 40 14.1 44.3 18.7 2.6 
156 37.6 19 1.7 41 14.1 43.7 19.1 2.5 
157 35.6 27 2.1 40 14.0 42.5 19.4 3.2 
163 38.9 26 1.5 44 15.5 43.0 19.2 2.0 
169 38.7 19 1.6 40 14.5 44.4 18.9 2.6 
170 36.0 22 1.6 40 16.0 43.1 19.1 3.0 
175 34.2 20 1.5 43 13.6 43.4 19.6 2.4 
178 39.0 30 1.7 45 16.0 44.1 18.4 2.6 
te 
AX141-019 34.4 34 1.7 45 14.4 42.8 19.4 2.8 
026 37.0 30 1.5 48 15.0 43.3 18.8 2.2 
033 35.5 32 1.7 43 14.9 43.6 19.0 3.3 
043 36.4 28 1.5 46 14.5 44.1 18.9 2.3 
056 35.6 32 1.6 48 13.2 43.2 19.2 2.1 
062 35.9 27 1.6 45 14.0 42.6 19.2 2.5 
085 34.4 31 1.6 45 13.7 42.5 19.4 3.0 
090 35.1 24 1.5 46 14.7 43.6 19.6 2.3 
095 36.3 36 1.7 46 15.2 43.6 19.1 3.0 
097 37.2 28 1.4 47 14.3 42.8 18.9 1.6 
118 38.9 30 1.8 44 15.5 43.5 18.9 3.1 
119 36.3 32 1.7 44 15.3 42.9 19.1 2.8 
122 39.6 29 1.6 46 14.9 42.3 19.3 2.6 
123 39.8 34 1.7 44 14.6 42.8 19.2 2.6 
124 28.9 34 1.8 44 13.7 42.3 19.2 2.5 
125 38.3 34 1.6 46 15.4 43.4 19.4 2.7 
126 37.3 32 1.5 45 14.9 43.8 18.9 2.3 
128 36.1 34 1.5 46 16.9 42.8 19.2 2.5 
129 39.4 34 1.6 46 14.5 44.6 19.3 2.7 
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Table 24 • (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urityb ing (in.) (g/100) (%) (%) P.S.° 
Early 
AX143-029 40.9 18 1.3 43 14.0 42.9 20.2 1.6 
033 45.7 14 1.6 44 14.9 '44.5 20.3 2.6 
040 38.7 16 1.6 42 14.0 43.8 20.3 2.6 
041 38.1 18 1.6 42 15.2 43.4 19.8 2.5 
044 36.3 22 1.6 42 14.0 43.0 19.8 2.8 
046 38.7 12 1.6 40 13.7 42.1 20.4 2.8 
050 39.1 11 1.6 38 14.5 42.5 20.6 2.8 
055 38.2 15 1.4 40 13.9 44.8 19.2 2.1 
060 36.3 20 1.5 42 15.8 43.7 20.0 2.5 
063 41.4 14 1.4 42 13.3 44.6 19.5 2.2 
086 36.5 18 2.6 38 13.9 43.5 19.5 3.2 
089 43.7 18 1.8 40 15.2 42.6 20.6 2.8 
090 37.9 16 1.6 38 14.2 43.7 20.1 2.8 
094 38.4 16 1.4 40 15.2 43.2 19.3 2.5 
098 42.0 20 1.7 42 15.0 43.6 20.9 2.5 
102 40.8 15 1.6 40 12.5 44.2 20.0 2.4 
103 41.4 19 1.5 41 14.1 43.7 19.9 2.4 
109 41.5 18 1.9 42 14.3 43.6 19.6 3.0 
110 35.3 17 1.5 41 15.6 43.4 20.4 2.8 
117 41.5 12 1.5 38 17.4 43.7 19.9 2.8 
118 37.2 18 1.4 38 14.1 43.1 19.5 2.7 
119 37.3 10 1.4 36 12.7 43.7 19.3 2.4 
121 38.5 14 1.6 38 13.0 42.2 20.0 2.8 
123 38.6 21 1.5 46 13.4 42.2 19.9 2.4 
129 45.7 16 1.5 41 13.8 41.2 20.3 2.4 
138 41.2 17 1.9 41 13.3 42.4 19.8 2.9 
140 46.1 19 1.5 42 14.1 41.3 21.2 2.6 
141 36.4 15 1.5 38 15.0 41.9 20.2 2.4 
143 37.9 16 1.3 40 12.8 44.2 20.2 1.6 
144 41.3 13 1.5 39 16.2 42.5 20.7 2.8 
152 45.2 12 1.3 42 16.0 43.6 20.3 1.9 
153 33.9 12 1.5 38 13.2 44.1 19.4 3.0 
157 39.8 16 1.3 42 13.9 43.7 20.4 1.4 
162 39.2 10 1.9 38 14.0 44.0 18.7 2.9 
163 37.4 13 2.1 40 13.5 43.3 19.1 3.1 
164 40.7 10 1.4 40 13.7 42.5 19.3 2.1 
175 41.7 18 1.4 44 14.6 43.4 19.3 1.8 
196 36.6 13 1.3 40 15.5 43.9 19.0 2.2 
207 37.2 19 2.0 44 14.0 43.6 20.3 2.9 
215 43.4 14 1.5 39 14.2 44.5 20.0 2.5 
326 38.0 16 1.1 40 13.2 43.0 19.5 2.0 
Iseason 
AX143-178 37.3 23 1.9 47 12.7 45.1 18.6 2.8 
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Table 24. (Continued) 
iea 
Yield 
(bu/a) 
Mat­
urity 
Lodg­
ing 
Height 
(in.) 
Seed 
size 
(g/100) 
Protein 
(%) 
Oil 
(%) P.S.' 
iseason 
AX143-184 37.4 24 1.9 40 13.4 43.8 18.5 2.5 
191 39.6 20 1.7 44 14.6 43.7 20.3 2.5 
192 38.0 26 1.7 44 13.9 43.2 20.7 2.6 
198 39.4 22 1.9 45 13.6 42.0 21.7 3.1 
201 37.7 22 1.7 42 13.6 42.5 21.0 2.7 
203 35.0 22 1.8 39 12.9 42.8 19.6 3.1 
204 35.0 20 1.4 40 13.0 43.3 20.6 2.4 
208 36.3 20 1.5 38 13.0 44.5 20.0 2.7 
211 40.2 22 1.6 42 13.5 41.7 21.0 2.9 
213 40.2 18 1.6 44 13.5 43.8 19.1 2.4 
216 37.4 22 1.9 46 12.7 44.0 19.5 2.8 
218 36.7 24 1.7 45 13.9 43.2 20.1 2.6 
219 32.5 24 1.7 40 13.7 43.4 19.0 2.5 
224 38.4 23 1.7 44 14.0 43.8 19.3 2.6 
226 38.4 21 1.7 46 13.5 43.9 19.8 2.7 
227 41.1 20 1.6 42 14.2 44.7 19.2 2.5 
231 36.2 20 1.5 44 13.8 44.2 19.7 2.2 
232 35.1 28 1.6 40 14.2 43.3 20.6 2.4 
233 38.7 26 1.7 44 14.5 42.7 20.2 2.6 
234 37.5 26 1.8 46 14.8 43.3 19.8 2.9 
235 39.5 23 1.5 40 14.7 43.7 19.2 1.9 
236 37.9 26 1.6 42 13.5 43.7 20.4 3.0 
237 38.1 24 1.7 42 14.5 42.1 20.6 2.6 
243 37.8 25 1.6 44 12.7 42.6 19.9 2.5 
245 36.6 24 1.5 38 13.9 43.4 19.6 2.2 
246 39.5 22 1.7 41 14.0 42.5 21.3 2.7 
248 39.1 26 1.8 44 13.4 43.6 19.5 2.7 
250 39.9 20 1.7 41 13.5 42.1 21.0 2.9 
251 37.1 25 1.8 42 14.8 44.2 20.3 2.8 
252 38.9 20 1.5 45 13.5 44.1 20.0 2.3 
256 37.8 24 2.4 40 14.0 43.7 19.9 3.0 
260 39.0 26 1.6 42 13.5 42.1 20.8 2.6 
261 35.9 22 1.6 44 15.9 42,3 21.1 2.7 
263 39.8 23 1.7 42 13.7 42.8 19.9 2.4 
267 39.1 26 1.9 40 14.8 42.1 20.2 3.0 
269 39.5 21 1.6 44 13.7 44.6 19.9 2.6 
270 39.6 28 1.6 44 13.9 43.5 18.7 2.3 
275 38.5 24 1.7 44 14.4 43.1 19.9 2.8 
277 36.0 19 1.6 40 13.5 43.0 19.9 2.9 
278 39.1 26 1.6 44 13.8 42.4 19.5 2.4 
280 34.4 26 1.8 44 12.2 43.3 20.4 2.6 
282 39.3 23 1.7 46 14.7 42.8 19.8 2.5 
283 38.4 20 1.6 40 15.3 44.1 19.6 2.8 
290 37.7 24 2.1 44 13.6 42.5 20.1 2.9 
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Table 24. (Continued) 
Seed 
Yield Mat­ Lodg­ Height size Protein Oil 
Line* (bu/a) urity11 ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX143-297 36.5 22 1.6 44 14.3 43.6 20.5 2.6 
298 35.0 25 1.5 46 14.4 45.8 19.1 1.5 
317 36.6 20 1.7 44 12.5 43.8 20.2 2.7 
318 35.7 20 1.5 40 13.0 45.0 19.4 2.6 
323 35.0 13 1.6 38 13.3 44.4 19.3 2.7 
Late 
AX143-348 38.0 24 1.5 42 13.5 44.2 20.2 2.3 
355 39.4 28 1.7 46 15.5 43.0 20.5 2.4 
359 38.6 25 1.7 48 13.5 42.4 19.9 2.8 
360 37.9 28 1.6 44 15.1 42.0 20.0 2.9 
364 35.2 21 1.5 42 14.4 42.0 20.0 2.8 
365 38.1 25 1.6 40 13.7 43.3 20.2 2.8 
366 38.9 24 1.7 38 14.9 41.7 19.9 2.9 
373 32.2 26 1.9 43 15.8 42.6 19.6 3.0 
376 34.2 28 1.6 46 14.3 42.4 19.2 2.4 
377 36.9 31 2.1 46 14.4 43.8 20.2 3.6 
380 35.1 26 1.6 40 14.4 44.2 19.5 2.8 
382 39.4 29 1.5 46 14.9 42.4 20.3 2.2 
384 41.9 31 1.7 48 15.1 43.1 20.8 1.9 
385 41.6 32 1.7 40 14.5 43.2 20.6 2.6 
387 37.5 23 1.8 40 13.9 44.1 21.0 3.2 
399 32.1 30 1.6 42 14.3 43.0 19.4 2.9 
403 42.6 30 1.5 47 14.3 42.4 20.3 2.5 
408 39.2 23 2.0 43 14.4 43.1 19.8 3.3 
411 37.3 25 1.7 42 14.0 43.1 19.2 2.8 
413 37.2 24 1.6 44 13.9 43.9 20.2 2.3 
415 38.6 26 1.6 45 13.6 41.9 19.8 2.0 
419 42.6 26 1.4 44 16.2 43.2 20.2 2.0 
421 37.7 22 1.6 43 13.5 44.1 19.6 2.8 
422 38.9 25 1.7 47 13.2 43.7 20.4 2.2 
424 40.7 26 1.5 44 13.4 41.9 20.4 2.2 
430 38.5 24 1.6 40 14.7 44.3 19.9 2.5 
436 37.6 27 1.8 46 14.8 43.3 20.1 2.6 
437 42.0 24 1.6 42 14.2 43.8 20.1 2.6 
444 40.8 23 1.6 48 14.3 44.3 20.2 2.4 
445 43.4 28 1.5 46 14.7 42.4 21.2 2.3 
447 45.4 28 1.5 44 14.1 41.6 21.5 2.1 
449 42.4 26 1.5 46 15.5 43.8 20.1 1.9 
450 37.9 27 1.5 44 14.6 42.3 20.3 2.4 
453 38.0 28 1.5 45 15.3 42.7 19.9 2.8 
454 40.4 29 1.6 44 15.9 41.9 21.3 2.5 
456 40.8 28 1.5 46 16.1 43.6 19.8 2.4 
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Table 24. (Continued) 
Line8 
Yield 
(bu/a) 
Mat­
urity 
Lodg­
ing 
Height 
(in.) 
Seed 
size 
(g/100) 
Protein 
(%) 
Oil 
(%) P.S.C 
Late 
AX143-458 41.3 27 1.7 44 15.1 42.8 19.8 2.6 
460 40.2 29 1.5 44 13.8 42.6 20.0 1.7 
462 36.0 28 1.9 44 14.4 41.1 20.9 3.0 
463 32.9 28 1.5 42 13.8 42.2 20.1 2.2 
464 40.8 30 1.5 47 15.6 42.7 20.2 2.2 
465 38.6 28 1.6 44 14.8 42.5 19.3 2.5 
466 36.1 24 1.4 39 15.2 43.5 20.0 2.7 
467 39.9 24 1.7 40 14.9 42.0 21.1 2.8 
471 37.0 26 1.5 46 15.7 43.2 20.7 2.2 
478 43.0 25 1.6 44 14.4 43.1 20.9 2.5 
479 43.2 27 1.6 42 14.7 42.3 19.6 1.9 
484 41.5 32 1.6 42 15.8 42.6 20.3 2.4 
486 35.4 24 1.5 45 13.2 44.2 20.0 2.7 
487 32.7 29 1.6 42 14.2 43.5 19.1 2.6 
Early 
AX144-001 32.9 18 1.7 46 13.1 43.0 20.3 2.6 
002 33.5 21 2.6 40 11.8 41.2 21.3 3.3 
003 30.8 16 1.7 42 11.3 43.6 20.0 2.9 
004 30.9 12 2.3 41 11.9 43.1 19.7 3.3 
005 36.7 13 1.8 36 12.7 42.2 20.6 3:3 
007 33.9 22 2.0 40 13.4 42.9 20.4 3.3 
010 34.6 18 1.6 46 12.8 42.4 20.0 2.2 
Oil 41.5 20 1.4 46 12.9 43.4 20.7 2.2 
012 35.3 16 1.8 42 12.1 44.1 20.3 3.2 
013 32.8 19 1.7 42 13.1 42.9 20.2 3.0 
016 38.3 18 1.5 40 12.7 41.6 21.6 2.4 
024 32.2 13 1.4 40 12.6 44.5 19.7 2.5 
025 35.7 20 2.3 40 12.5 42.5 21.2 3.9 
029 34.8 15 1.4 39 12.1 43.2 21.0 2.6 
030 38.6 20 1.7 42 14.0 43.1 21.8 2.3 
031 33.4 10 1.3 39 11.9 43.1 20.6 1.4 
033 32.7 15 1.5 39 11.8 41.8 20.6 3.1 
041 37.4 16 1.5 38 13.3 42.7 19.9 1.8 
043 39.1 16 1.6 40 14.0 44.2 20.9 2.7 
047 37.8 18 1.8 38 12.7 43.3 21.1 3.0 
049 40.6 20 1.4 44 13.2 43.0 21.0 2.2 
050 42.5 15 1.6 42 13.7 42.9 21.2 2.6 
051 36.9 16 1.6 40 12.5 42.1 20.9 2.8 
056 35.7 11 1.5 41 12.5 42.9 20.2 2.5 
057 35.9 18 1.6 41 12.3 41.2 21.4 2.6 
058 36.1 13 1.8 40 12.5 42.5 20.0 3.0 
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Line3 
Yield 
(bu/a) 
Mat­
urity 
Lodg­
ing 
Height 
(in.) 
Seed 
size 
(g/100) 
Protein 
(7.) 
Oil 
(%) P.S.C 
Early 
AX144-059 36.8 13 1.3 40 13.3 42.0 20.7 1.8 
060 40.4 16 1.4 42 12.8 43.1 21.0 2.7 
061 30.9 10 1.5 36 13.4 42.6 20.2 2.8 
062 39.6 17 1.7 43 13.3 43.4 20.6 2.7 
064 32.6 18 1.8 42 12.3 42.4 21.1 2.9 
065 36.3 14 1.3 44 13.3 43.7 20.5 1.5 
067 40.9 14 1.8 39 12.4 41.7 20.2 2.5 
068 32.5 20 1.5 44 12.5 42.7 21.2 2.8 
069 37.9 12 2.1 37 12.2 41.6 21.2 3.7 
071 31.7 18 2.0 42 12.4 43.4 19.9 3.3 
072 32.8 16 1.6 40 11.8 44.1 20.1 2.9 
073 40.1 18 2.1 41 13.3 42.3 21.3 3.2 
075 38.4 15 1.3 42 14.9 42.2 21.1 2.0 
079 37.8 12 1.5 36 13.0 42.9 20.9 2.3 
083 35.9 13 1.4 40 12.9 43.4 20.4 2.3 
086 36.7 18 1.9 38 12.1 41.7 21.1 3.1 
089 35.5 18 1.7 42 11.9 41.9 21.4 2.4 
092 34.4 12 1.7 40 12.2 44.6 19.9 2.7 
094 32.4 14 1.7 38 12.2 42.4 20.6 3.0 
097 38.3 19 2.4 40 12.3 41.7 21.4 3.1 
101 37.0 16 1.5 43 13.2 42.1 20.5 2.3 
104 37.1 12 1.3 42 12.0 42.9 21.6 2.5 
107 36.1 16 1.5 43 13.1 42.8 20.4 2.5 
108 32.7 18 1.6 43 11.8 41.0 21.0 2.7 
Midseason 
AX144-006 41.7 27 1.8 44 13.0 43.0 22.1 2.9 
008 40.2 22 2.3 46 11.8 40.0 21.8 3.5 
009 39.6 22 1.8 46 13.3 42.2 20.6 2.9 
015 46.9 22 1.4 45 15.2 42.4 21.4 1.8 
017 39.3 22 1.9 42 13.4 41.3 21.5 3.3 
018 44.3 22 1.6 46 14.1 41.5 21.9 2.3 
019 42.9 27 1.7 47 15.6 42.5 21.0 2.4 
020 43.2 22 1.6 40 13.2 42.2 22.1 2.6 
021 38.3 23 2.0 42 13.3 42.2 21.2 3.3 
022 40.0 24 1.6 44 12.2 40.9 21.9 2.3 
023 44.0 22 1.6 48 16.4 43.0 21.0 2.2 
026 43.4 20 1.6 46 14.1 41.7 21.6 2.5 
032 37.8 18 1.4 48 13.3 43.3 19.8 2.4 
034 37.0 22 2.3 44 13.1 41.9 21.0 3.6 
035 37.4 21 1.6 48 13.1 40.6 21.6 2.6 
036 35.4 21 1.6 48 12.7 41.0 22.1 2.6 
037 41.9 22 1.6 46 14.0 42.5 21.8 2.5 
038 37.7 22 1.8 40 13.0 43.4 20.5 2.8 
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Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line8 (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX144-040 37.6 20 1.5 44 14.0 42.0 21.4 2.4 
042 40.6 20 1.7 46 12.1 42.3 21.3 2.9 
044 41.3 23 1.7 48 13.1 41.9 21.2 2.7 
045 36.9 24 2.6 39 12.3 41.7 21.8 3.5 
052 39.3 19 1.5 46 14.0 42.8 20.7 2.0 
053 44.7 22 1.6 46 14.9 42.0 21.4 2.7 
054 46.3 22 1.6 48 14.5 42.2 21.4 2.1 
055 40.9 22 1.9 46 14.0 42.2 20.5 3.1 
066 41.2 22 3.3 47 14.1 41.1 21.5 3.8 
070 41.1 22 1.6 49 13.6 42.8 20.7 2.2 
080 39.8 20 1.6 47 13.4 41.3 21.1 2.7 
082 38.5 18 1.8 44 12.9 42.6 21.2 2.8 
087 40.3 22 1.5 44 13.7 41.8 20.9 2.4 
088 34.7 21 2.9 41 12.1 41.4 20.9 3.6 
090 40.1 20 1.5 44 14.7 42.7 21.5 2.5 
091 43.7 20 1.4 46 15.2 42.4 21.0 1.9 
095 44.3 20 1.6 45 13.7 41.8 21.5 2.0 
099 36.9 24 2.0 48 14.2 42.5 20.6 2.8 
103 34.3 21 1.9 47 13.2 42.6 20.8 2.9 
105 39.9 21 1.9 38 15.7 43.4 21.0 3.0 
106 38.8 22 2.3 46 14.4 42.0 21.3 2.9 
110 39.2 22 1.7 42 13.1 40.3 21.7 2.9 
126 40.4 21 1.5 41 13.0 41.9 21.7 2.3 
132 37.9 22 1.4 48 14.2 40.7 21.9 1.8 
133 36.6 20 1.8 48 14.0 41.6 20.3 2.8 
144 37.7 19 1.7 44 13.5 42.6 20.4 2.8 
149 41.1 21 1.9 47 13.0 41.0 21.5 2.9 
150 40.5 18 1.5 41 13.6 41.3 20.5 2.7 
156 36.0 18 1.7 48 13.2 42.5 20.6 3.0 
157 38.7 20 1.6 46 15.1 42.1 20.9 2.6 
192 37.7 18 1.7 49 12.1 42.3 20.5 2.6 
198 39.7 20 1.7 50 13.3 41.4 21.3 2.3 
:e 
AX144-115 42.4 22 1.5 44 14.0 41.8 21.9 2.5 
116 39.0 22 1.5 43 13.7 41.3 21.0 2.5 
119 33.7 24 1.6 44 14.1 42.7 20.6 2.7 
120 37.4 23 1.9 45 12.9 41.2 21.3 3.3 
123 39.2 22 1.6 46 13.9 41.8 20.8 2.6 
124 38.0 26 2.4 46 12.9 41.2 21.4 3.2 
127 39.0 24 1.6 48 14.0 42.1 22.0 2.6 
128 38.9 25 1.9 44 13.6 41.3 22.3 3.0 
134 37.6 26 1.5 47 13.8 40.8 21.6 2.5 
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Line6 
Yield Mat- Lodg- Height 
(bu/a) uritjr ing (in.) 
Seed 
size 
(g/100) 
Protein 
(%) 
Oil 
(%) P.S.1 
Late 
AX144-135 48.5 26 1.6 50 13.5 41.3 21.3 2.1 
137 40.1 24 1.9 42 11.5 42.0 21.0 3.1 
138 34.0 20 1.6 47 13.1 41.7 21.1 2.8 
139 35.0 24 2.4 46 13.1 41.7 21.0 3.1 
140 33.3 22 1.8 42 11.9 43.1 20.6 3.1 
142 35.4 24 1.6 48 14.2 41.5 20.8 2.8 
143 36.1 24 2.0 43 13.1 41.4 20.4 3.5 
145 35.3 28 1.8 38 13.5 41.4 21.4 2.7 
146 37.6 24 1.9 48 15.1 41.7 21.0 3.2 
147 41.5 24 1.7 44 13.8 42.2 21.0 2.9 
151 42.3 24 1.6 46 13.3 41.5 22.1 2.3 
152 40.6 22 1.7 44 13.2 41.1 22.6 3.0 
159 37.4 24 1.6 46 12.8 41.1 21.2 2.8 
160 36.9 24 2.1 44 13.5 41.4 21.6 3.3 
162 35.7 22 1.5 46 13.4 42.2 21.5 2.7 
164 38.9 22 2.0 41 12.8 43.0 21.0 3.5 
168 44.4 21 1.5 44 14.2 42.3 21.2 2.3 
169 35.6 20 1.8 46 13.4 41.6 20.8 2.7 
174 34.0 22 2.5 48 13.4 42.2 20.7 3.6 
176 38.0 23 1.7 46 12.9 41.9 20.9 3.0 
177 38.6 24 1.5 40 14.6 43.6 20.4 2.4 
178 39.1 22 2.0 50 13.0 41.9 21.7 3.2 
180 42.7 21 1.4 47 14.8 42.0 21.4 2.3 
183 37.8 24 1.8 48 13.8 41.6 21.0 2.8 
196 40.6 24 1.5 43 14.9 43.5 20.4 2.5 
197 35.7 20 1.4 40 12.4 43.0 20.0 2.6 
199 38.1 24 2.2 48 13.1 41.1 21.3 3.3 
200 44.9 24 2.0 44 12.4 42.3 21.1 3.0 
201 39.1 23 1.7 50 14.1 41.6 21.2 3.0 
203 40.3 22 1.7 44 13.5 42.5 21.0 3.0 
206 37.6 24 1.6 42 14.2 42.5 20.6 2.6 
207 36.6 24 2.2 48 13.2 41.3 21.4 3.4 
208 40.6 20 1.5 46 13.4 42.3 20.4 2.3 
209 36.4 23 2.0 48 13.3 42.6 21.0 2.9 
213 35.5 22 1.6 44 13.8 41.4 20.8 2.9 
215 35.8 21 1.5 44 13.9 41.4 20.9 2.6 
219 41.2 24 1.7 44 14.9 41.7 21.4 2.9 
224 36.8 24 2.7 46 12.2 40.4 21.0 3.4 
226 32.7 23 2.4 45 12.0 41.3 21.2 3.4 
228 36.0 22 2.8 43 13.0 42.0 21.4 3.7 
229 35.8 24 1.7 46 12.8 39.6 21.5 3.0 
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Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX148-001 35.3 16 1.6 44 12.6 41.9 22.3 2.6 
002 36.1 12 2.0 42 12.4 43.0 21.2 3.2 
003 36.9 14 1.8 43 12.8 42.7 21.6 2.9 
005 39.6 18 1.6 45 12.3 42.1 21.2 2.1 
006 35.4 12 1.8 42 12.1 43.2 21.1 3.2 
007 41.5 15 1.7 42 14.4 42.4 21.5 2.9 
008 38.5 11 1.8 41 13.3 43.1 21.7 3.0 
010 40.5 14 1.5 43 12.6 42.6 21.3 2.5 
Oil 40.3 18 1.6 42 13.5 42.8 21.5 2.8 
012 36.1 10 1.7 44 12.0 43.1 21.2 2.8 
013 40.5 16 1.8 44 14.1 41.6 22.0 2.8 
015 38.8 13 2.1 42 12.7 42.6 21.9 3.1 
016 37.0 13 1.7 44 12.3 42.3 21.1 2.5 
018 34.4 16 1.9 42 11.9 43.0 21.5 2.9 
019 40.6 12 1.5 44 15.1 41.8 22.4 2.7 
020 34.5 10 1.6 40 11.9 42.5 21.2 3.1 
021 34.8 14 1.9 41 13.0 43.3 20.8 3.0 
023 39.4 16 1.9 44 12.5 41.3 22.7 2.9 
024 37.4 12 2.3 43 12.6 42.5 22.0 3.2 
025 46.4 16 1.5 43 14.7 42.2 22.8 2.5 
030 40.8 20 1.7 44 14.0 40.9 21.5 2.8 
033 45.7 21 1.6 46 13.6 42.0 21.5 2.6 
034 36.7 12 1.3 44 12.8 41.6 22.2 2.0 
039 34.7 11 1.8 38 12.0 42.2 21.1 2.9 
040 37.9 16 1.7 44 12.9 42.9 20.6 2.6 
044 39.9 19 1.7 45 12.6 41.9 21.6 2.7 
045 38.0 08 1.6 40 13.4 42.3 22.3 3.2 
047 32.2 12 1.7 42 12.4 43.0 21.4 2.5 
048 37.9 18 1.6 45 13.2 41.9 21.2 2.0 
049 40.6 16 1.6 43 14.1 44.1 21.7 2.0 
050 35.0 20 1.9 42 12.3 42.5 21.0 2.8 
054 38.3 17 2.1 42 12.4 42.2 22.1 3.1 
060 36.7 12 1.5 42 13.4 42.9 21.9 2.6 
062 39.5 16 2.0 42 12.6 42.3 21.9 2.9 
066 34.7 18 1.7 45 12.3 43.2 22.2 2.8 
068 38.2 19 1.9 46 12.2 43.5 21.9 3.0 
069 36.2 16 1.8 44 11.6 43.3 21.4 3.2 
071 39.9 20 1.7 46 12.1 42.9 21.7 2.6 
074 37.4 16 2.4 41 12.8 42.6 22.0 3.3 
077 38.6 18 2.0 43 12.6 43.3 22.8 2.5 
080 39.2 20 2.1 42 13.0 41.0 22.1 3.3 
081 40.6 12 2.0 42 12.0 43.4 22.4 2.9 
082 40.8 12 1.6 42 13.5 42.5 22.0 2.7 
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Line8 
Yield 
(bu/a) 
Mat­
urity^ 
Lodg­
ing 
Height 
(in.) 
Seed 
size 
(g/100) 
Protein 
(%) 
Oil 
(%) P.S.' 
Early 
AX148-085 37.1 22 2.4 44 11.5 42.2 21.4 3.3 
087 37.4 10 2.1 40 13.4 42.1 22.2 3.5 
088 40.6 22 1.7 45 12.2 41.6 20.6 2.7 
089 36.6 11 1.8 44 12.7 42.1 21.6 2.8 
090 39.8 09 1.6 39 14.5 41.0 22.3 3.2 
092 40.0 22 1.5 46 12.3 41.7 21.8 2.0 
094 43.3 14 1.6 43 14.6 40.4 21.6 2.6 
Midseason 
AX148-004 33.9 30 2.1 50 13.4 41.9 22.0 3.1 
009 34.4 26 2.0 51 12.5 40.7 22.2 2.6 
014 34.7 26 1.9 48 11.7 42.5 21.9 2.9 
017 37.2 28 1.7 52 12.9 42.3 22.4 2.9 
022 38.7 25 2.1 52 13.5 41.9 21.8 2.9 
026 39.5 24 1.7 50 13.2 43.3 21.0 2.7 
027 33.5 25 2.8 48 12.7 43.2 20.5 3.6 
028 33.7 24 2.3 51 13.0 41.7 21.7 3.0 
029 35.1 24 1.5 48 15.9 42.6 21.4 2.1 
031 39.4 22 1.8 48 13.2 41.7 22.7 2.3 
032 33.7 22 2.1 47 13.4 42.8 20.8 2.8 
035 41.2 26 1.5 52 15.1 42.4 21.9 1.9 
036 34.1 22 1.9 48 13.6 43.1 20.7 3.0 
037 34.6 22 1.7 48 13.2 41.8 21.8 2.8 
038 33.7 23 1.8 49 14.1 42.6 21.8 2.9 
041 36.8 28 2.0 46 13.4 41.3 21.6 3.1 
042 36.9 28 1.9 50 14.1 42.9 21.3 2.9 
043 36.0 24 1.7 51 14.3 42.8 21.5 2.4 
052 38.0 25 1.8 51 14.4 43.4 21.4 2.6 
053 36.6 28 1.7 50 14.2 42.1 22.7 2.7 
055 36.3 30 1.8 51 12.5 41.2 21.4 2.9 
056 34.1 30 1.7 48 13.3 42.7 22.0 3.4 
057 35.5 24 2.5 48 13.2 42.3 22.0 3.4 
058 36.6 26 1.7 51 12.6 42.2 21.9 2.3 
061 35.7 25 1.8 48 12.3 41.4 22.8 2.9 
063 36.5 28 1.6 50 14.1 41.5 21.3 2.2 
064 38.0 24 1.6 50 13.1 41.0 23.0 2.3 
065 34.4 23 1.8 48 12.8 42.8 22.2 2.9 
067 32.9 23 1.7 51 13.1 41.7 20.9 2.9 
070 39.7 24 1.6 50 14.5 42.4 22.3 2.4 
072 32.0 28 1.7 50 12.6 43.0 21.9 2.9 
073 38.0 27 1.8 50 12.6 42.0 22.1 2.3 
079 35.9 24 1.6 50 12.7 41.4 22.7 2.2 
084 37.4 25 1.7 50 12.8 41.6 22.4 2.9 
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Table 24. (Continued) 
Seed 
Yield Mat­ Lodg­ Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AXl48-091 39.4 22 1.9 51 14.0 41.2 21.9 2.5 
093 37.1 22 1.6 50 13.2 43.7 21.2 2.5 
101 38.2 25 2.3 49 13.8 43.0 22.0 2.8 
103 35.8 28 1.9 49 12.9 42.2 21.4 2.8 
106 38.5 27 1.9 50 12.0 40.4 21.2 2.8 
108 36.2 24 1.6 49 12.9 40.6 21.6 2.6 
110 38.0 24 1.7 50 13.1 42.0 22.2 2.4 
111 37.4 22 1.8 50 13.2 42.5 21.9 2.6 
122 37.4 24 1.7 48 12.7 42.1 21.3 2.8 
134 37.8 26 1.8 52 12.8 40.6 22.0 2.5 
138 39.1 24 1.9 52 12.7 41.3 21.1 2.9 
141 34.0 28 1.7 50 16.0 41.9 21.4 2.6 
143 35.3 22 1.7 48 12.7 41.5 21.7 2.5 
148 36.2 21 1.7 49 14.1 42.8 21.7 2.8 
155 33.1 23 1.8 48 13.1 43.1 20.7 3.2 
177 32.0 26 2.3 49 13.2 41.1 21.5 2.9 
Late 
AXl48-046 38.5 33 1.6 52 13.9 41.3 21.2 2.4 
051 34.2 32 1.6 50 12.3 40.6 21.4 2.3 
059 38.1 34 1.9 48 12.8 41.5 21.7 3.0 
075 40.4 33 1.8 48 12.8 41.0 21.0 2.5 
076 36.2 32 1.7 54 12.3 40.6 21.6 2.4 
078 35.4 30 2.2 46 13.1 40.5 22.3 3.2 
083 36.0 34 1.8 48 14.0 41.7 21.8 2.8 
100 37.2 24 1.7 46 13.4 40.9 22.2 2.6 
105 36.8 30 1.7 50 13.4 41.0 22.2 2.7 
107 36.3 32 1.6 47 12.7 42.5 21.1 2.2 
109 35.3 28 1.7 50 12.5 41.4 22.0 2.5 
112 39.3 29 1.6 47 13.0 40.5 21.5 2.1 
113 36.2 33 1.9 52 11.3 40.3 21.6 2.7 
114 38.9 31 1.8 49 13.3 41.4 21.5 2.6 
115 39.7 30 1.6 50 12.5 41.7 21.5 2.3 
118 36.0 34 1.7 49 12.1 40.1 21.1 2.4 
123 39.7 30 2.1 49 12.3 40.7 21.6 3.5 
125 36.0 28 2.1 50 13.0 40.7 22.3 2.9 
127 36.3 30 1.5 50 14.6 42.7 21.3 2.1 
128 35.1 34 1.9 49 13.2 40.8 21.7 3.2 
130 35.0 32 1.8 50 12.5 40.0 22.4 2.7 
132 37.8 34 1.7 50 14.0 41.5 21.6 2.5 
135 38.5 27 1.7 50 13.4 41.7 21.5 2.9 
136 36.1 31 1.8 50 13.1 41.2 20.8 2.6 
137 38.8 28 1.6 48 13.3 40.9 22.9 2.1 
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Table 24. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity^ ing (in.) (g/100) (%) (%) P.S.° 
Late 
AX148-139 35.8 34 1.7 50 13.7 41.1 22.2 2.3 
140 40.0 33 2.1 46 12.9 41.5 21.6 2.9 
144 36.2 32 2.7 45 13.9 42.3 21.2 4.0 
145 35.7 28 2.4 48 12.9 40.2 22.3 3.5 
146 36.7 29 2.0 46 13.2 41.5 20.9 2.9 
147 33.2 24 1.7 47 14.5 42.3 21.5 2.5 
149 39.5 25 1.8 44 14.7 42.3 21.9 2.9 
151 36.4 32 2.0 46 13.2 41.4 21.6 3.4 
152 35.6 27 1.8 48 14.1 42.4 21.3 2.5 
153 37.9 28 1.6 47 12.9 40.5 20.7 2.4 
154 37.5 32 2.1 46 12.5 41.0 21.4 3.4 
166 33.8 30 1.6 50 12.5 41.5 21.6 2.3 
167 35.4 31 1.8 48 12.5 41.1 22.2 2.7 
169 38.2 24 1.5 51 12.7 41.4 21.4 1.8 
171 35.8 28 1.6 46 12.1 40.7 21.6 2.6 
175 34.6 32 2.3 46 13.8 41.4 22.5 2.8 
176 35.6 31 2.0 50 12.6 41.6 21.8 2.8 
178 37.9 34 2.0 48 13.6 42.3 21.9 3.5 
180 36.6 32 1.7 44 13.2 41.7 21.5 2.4 
181 38.5 32 2.3 51 13.7 41.6 20.5 3.4 
182 39.0 33 1.6 49 14.0 41.5 21.6 2.7 
183 33.9 34 2.2 50 12.9 41.5 22.1 3.2 
184 35.8 34 2.1 48 13.6 41.5 21.5 3.5 
187 41.6 34 1.9 46 13.3 40.7 22.4 2.8 
188 36.2 30 1.7 50 13.6 42.1 21.7 2.5 
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Table 25. Mean agronomie and chemical performance by cross and maturity 
group for the F5 generation grown at the Agronomy Farm and 
Squaw Creek Bottom, 1962 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urityb ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX141-002 40.2 11 1.3 35 17.4 41.0 19.9 2.6 
004 42.1 14 1.5 36 17.7 41.9 19.9 2.5 
005 40.3 15 1.5 39 16.6 41.1 20.5 2.3 
007 45.8 18 1.9 39 18.6 41.0 20.2 2.9 
009 40.9 13 1.3 38 18.2 43.8 19.2 2.3 
011 42.9 12 1.4 40 19.1 42.8 20.0 2.3 
012 39.7 16 1.5 38 18.0 42.6 19.7 2.9 
014 46.1 16 1.7 39 20.6 42.7 20.3 2.7 
016 43.2 16 1.6 39 17.8 40.8 20.6 2.2 
021 41.2 13 1.8 38 18.7 42.6 19.9 3.2 
022 43.1 14 1.7 38 19.6 42.3 20.0 2.7 
029 40.8 14 1.5 38 16.7 41.6 20.1 2.1 
035 42.7 14 1.4 38 17.1 41.3 20.2 2.2 
037 39.9 12 1.5 37 18.3 42.4 19.6 2.7 
038 41.6 16 1.5 39 17.9 41.8 20.6 2.4 
039 42.7 17 1.8 40 18.6 43.1 19.4 2.9 
040 39.8 15 1.5 39 16.6 41.1 20.2 2.2 
041 40.8 16 1.6 37 18.6 40.7 20.1 2.6 
042 40.3 19 1.7 40 17.9 41.6 20.3 2.7 
045 39.7 16 1.7 37 18.5 41.7 19.9 2.6 
046 40.4 13 1.4 37 18.3 42.7 20.0 2.6 
047 42.2 13 1.6 37 18.4 41.8 20.4 2.7 
048 38.4 12 1.7 39 17.7 42.3 20.2 2.8 
064 44.5 16 1.8 38 18.8 41.7 19.9 2.5 
066 42.7 19 1.7 38 18.5 42.3 19.7 2.9 
067 39.3 14 1.4 37 16.4 41.1 21.1 2.5 
068 40.6 10 1.5 36 18.2 41.4 20.7 2.9 
069 41.1 14 1.5 38 17.9 42.0 20.2 2.8 
070 40.9 18 1.6 38 19.1 40.9 20.5 2.5 
071 39.0 10 1.3 36 17.6 42.4 20.4 2.4 
072 41.0 14 1.4 39 18.5 42.0 20.4 2.3 
073 38.3 12 1.4 38 17.3 42.4 20.4 2.5 
074 37.9 13 1.3 36 16.9 41.7 20.7 2.3 
075 42.0 19 1.6 39 18.9 40.7 20.9 2.3 
076 37.3 14 1.6 40 17.4 41.8 20.1 2.7 
aEach line mean of four replications — two each location. 
^Day for August 31. 
^Phenotypic score. 
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Table 25 « (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX141-077 40.9 12 1.4 36 16.9 40.5 20.8 2.5 
079 42.8 15 1.8 40 17.5 41.8 19.6 2.4 
082 43.1 16 1.6 38 19.9 41.9 19.3 2.6 
084 42.0 16 1.5 37 18.5 41.9 20.1 2.4 
086 39.3 14 1.6 39 17.3 42.0 20.1 2.3 
087 38.5 17 1.5 38 18.1 41.3 20.5 2.5 
088 41.6 14 1.6 39 17.3 42.5 19.6 2.7 
089 43.3 16 1.6 38 16.6 40.0 21.3 2.5 
092 42.2 17 1.7 40 17.3 40.7 20.1 2.6 
093 39.4 11 1.6 38 16.6 41.5 19.9 2.7 
094 39.1 13 1.3 37 16.8 41.6 20.3 2.2 
098 41.1 14 1.5 38 18.6 41.8 20.1 2.1 
107 38.8 16 1.8 37 18.8 41.4 20.0 3.0 
108 38.4 12 1.6 37 18.7 40.9 20.3 2.5 
109 40.6 16 1.6 37 17.3 41.2 20.2 2.6 
Iseason 
AX141-001 41.2 16 1.4 38 17.7 40.7 19.9 2.7 
008 43.0 27 1.5 44 15.6 41.5 19.2 2.4 
013 46.1 24 1.6 39 19.0 40.5 20.1 2.7 
015 46.1 23 1.7 40 18.1 41.5 19.5 2.6 
017 41.5 28 1.7 44 16.3 40.3 19.8 2.7 
023 42.7 18 1.6 40 17. 7  41.2 19.8 2.6 
024 47.0 26 1.8 43 17.5 41.8 19.1 2.7 
025 42.5 23 1.8 43 17.1 40.6 19.8 2.5 
027 41.9 18 1.4 40 18.9 41.2 19.8 2.5 
028 42.2 28 1.4 46 15.5 40.5 19.3 2.1 
030 44.0 20 1.5 39 17.3 41.7 20.3 2.3 
031 43.2 20 1.6 38 17.0 41.6 20.2 2.5 
034 41.9 20 1.5 40 18.5 42.5 19.3 2.7 
049 42.0 19 1.7 42 17.5 41.5 20.1 2.7 
050 42.6 25 1.6 43 17.3 42.6 19.5 2.6 
051 43.1 21 1.7 38 17.9 41.9 19.9 2.5 
054 41.3 15 1.2 39 18.7 41.3 20.2 2.7 
055 42.2 20 1.8 40 19.2 41.6 20.3 2.8 
058 40.1 19 2.0 39 18.7 41.3 19.7 3.1 
061 44.0 18 1.4 36 17.8 41.7 19.8 2.4 
063 41.8 19 1.8 39 18.3 43.0 19.7 2.6 
065 44.0 20 1.5 38 17.8 42.3 19.8 2.5 
078 40.1 17 1.6 38 17.5 42.1 19.9 2.9 
080 44.7 20 1.9 40 19.0 41.9 19.9 2.8 
081 43.7 22 2.0 40 18.1 41.6 19.7 2.8 
083 43.5 18 1.7 41 18.5 42.8 19.3 2.9 
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Table 25. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX141-091 44.4 24 2.1 40 19.0 42.9 19.0 2.8 
099 42.3 24 1.8 40 19.2 42.0 19.7 2.5 
100 42.6 20 2.1 40 18.4 42.4 19.9 2.9 
102 43.0 25 1.6 44 16.4 39.8 20.2 2.5 
110 41.9 20 1.5 40 17.2 42.4 19.5 2.3 
111 40.4 20 1.8 41 18.2 42.6 19.5 2.6 
120 41.3 26 1.3 42 15.7 40.7 20.3 2.3 
121 44.5 27 1.9 43 16.0 41.1 20.0 2.8 
130 46.3 19 1.7 40 20.3 42.6 20.3 2.5 
133 45.6 20 1.4 40 16.1 42.3 19.5 2.5 
134 44.8 26 2.3 43 16.4 41.1 19.5 2.8 
135 42.0 24 1.9 42 17.9 40.9 19.6 2.4 
136 42.7 23 1.9 44 15.6 42.0 19.5 2.9 
137 44.5 20 2.1 40 20.3 42.2 19.5 2.6 
145 44.4 28 1.6 44 17.7 42.1 19.0 2.6 
146 44.9 20 1.4 40 17.5 42.6 19.5 2.5 
149 44.6 22 1.8 40 17.2 42.5 18.7 2.8 
156 41.6 22 1.6 39 16.8 41.5 20.1 2.5 
157 43.9 27 1.7 42 15.6 40.3 20.3 2.8 
163 45.5 27 1.6 45 17.0 41.0 19.6 2.3 
169 44.7 22 1.9 38 17.6 41.8 19.7 2.9 
170 40.2 24 2.6 41 19.2 41.5 19.2 3.0 
175 42.5 23 2.0 41 16.5 41.3 19.8 2.6 
178 43.1 29 2.2 44 17.5 41.8 18.9 3.0 
te 
AX141-019 37.4 33 2.0 46 15.5 40.3 19.1 2.8 
026 39.2 29 1.6 47 16.6 40.7 18.9 2.3 
033 35.6 32 2.5 44 15.1 41.0 19.2 3.2 
043 39.9 30 1.7 45 17.1 41.1 19.0 2.4 
056 38.2 31 1.7 46 14.8 41.9 18.8 2.4 
062 41.2 30 2.7 46 15.7 40.6 18.8 3.3 
085 38.8 29 1.7 45 14.7 40.1 19.1 2.6 
090 40.0 27 1.6 44 17.2 41.0 19.8 2.6 
095 38.0 34 3.3 44 17.2 41.0 18.5 3.5 
097 38.0 30 1.6 46 16.2 40.4 18.7 2.5 
118 37.6 30 2.0 43 17.0 41.1 18.8 2.7 
119 36.9 32 2.0 45 16.3 40.6 18.9 2.7 
122 40.1 28 2.2 46 16.5 41.0 19.2 3.0 
123 39.4 34 1.9 47 16.8 40.1 20.0 2.8 
124 37.6 33 1.8 46 14.1 40.1 19.1 2.4 
125 36.7 33 2.4 46 16.1 40.9 18.9 2.8 
126 40.8 32 1.8 46 16.9 41.6 19.1 2.5 
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Table 25 • (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity" ing (in.) (g/100) (%) (%) P.S.C 
Late 
AX141-128 37.9 32 1.8 46 17.1 40.7 19.2 2.5 
129 36.0 33 2.2 45 15.6 41.2 19.3 2.8 
131 40.1 32 2.4 45 15.8 40.2 19.4 2.9 
132 37.7 29 1.9 47 16.2 41.2 19.0 2.8 
139 36.9 35 1.9 44 14.1 40.0 19.2 2.6 
140 39.1 33 1.9 46 16.2 40.9 19.7 2.5 
141 36.7 33 2.4 45 17.1 40.8 19.4 3.0 
144 34.6 31 2.5 47 16.2 40.3 19.9 2.8 
148 39.2 33 1.8 45 15.1 40.8 19.1 2.6 
151 39.7 33 1.8 47 17.1 41.3 18.6 2.6 
152 38.8 33 1.7 46 15.5 41.6 19.3 2.7 
153 40.2 32 1.6 46 14.6 41.1 19.6 2.4 
155 40.4 32 2.1 45 16.1 40.1 20.1 2.8 
158 37.2 32 1.8 45 15.2 40.4 19.7 2.8 
159 39.3 36 1.7 46 14.9 42.0 18.6 2.3 
160 39.4 33 1.8 47 15.4 41.0 19.9 2.6 
161 40.2 32 2.0 46 16.6 41.5 19.6 3.1 
162 37.5 36 2.0 47 14.8 40.2 19.0 2.6 
165 36.4 34 2.1 45 15.3 41.5 19.2 2.8 
166 36.2 37 2.0 46 14.7 40.5 19.0 2.8 
167 38.5 34 1.9 45 15.0 41.2 19.4 2.7 
168 39.6 30 1.9 46 16.1 41.1 19.6 2.8 
171 36.7 32 2.3 46 17.4 41.7 18.8 3.0 
172 41.0 32 2.3 46 17.5 41.4 19.2 2.8 
173 39.3 34 2.0 48 15.8 41.2 19.2 2.7 
176 37.8 33 1.9 44 14.8 40.9 19.3 2.6 
180 38.7 35 2.1 47 15.9 41.3 18.9 2.9 
181 38.3 34 1.8 46 16.4 41.9 18.8 2.6 
189 41.8 32 2.1 45 16.2 41.6 19.2 2.6 
209 40.3 33 2.6 46 16.0 40.8 19.5 3.1 
212 43.6 32 1.8 46 16.9 41.5 19.6 2.5 
215 38.5 33 1.7 45 15.8 39.6 19.7 2.4 
220 39.0 35 2.3 46 16.6 41.8 18.9 2.9 
Early 
AX143-001 38.0 17 1.6 38 16.0 40.2 22.0 2.6 
005 39.6 20 1.8 41 16.6 42.0 20.7 2.7 
006 36.1 15 2.2 44 16.9 41.7 20.4 2.9 
Oil 37.0 14 1.9 40 15.4 41.1 20.7 2.9 
013 38.4 19 1.7 39 16.9 39.7 21.6 2.6 
016 41.8 17 1.7 41 17.0 39.2 22.0 2.6 
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Table 25. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX143-021 34.3 16 1.5 38 14.7 41.0 20.7 2.3 
023 37.3 18 2.3 41 14.9 41.2 20.2 3.1 
025 38.8 20 1.5 40 16.2 41.3 20.2 2.5 
029 40.8 20 1.5 42 15.9 40.8 21.0 2.2 
033 42.6 16 1.7 42 16.4 41.8 20.7 2.4 
040 37.8 17 2.3 41 16.4 41.7 20.9 3.3 
041 37.6 17 2.5 42 17.1 42.4 20.1 3.6 
044 38.9 22 2.3 40 15.9 40.9 20.3 2.8 
046 40.6 16 2.1 41 16.3 40.3 21.4 3.2 
050 37.8 12 1.9 38 15.7 40.0 20.9 3.0 
055 36.8 16 1.6 39 16.1 42.8 19.5 2.7 
060 36.7 18 1.6 40 17.1 42.4 20.2 2.6 
063 41.6 15 1.6 42 15.0 42.4 20.4 2.3 
086 38.1 20 1.8 40 16.5 41.3 20.5 2.6 
089 42.3 20 2.0 40 18.0 40.7 20.6 3.1 
090 40.6 16 1.2 39 16.2 41.9 20.7 2.0 
094 38.2 17 2.0 40 18.4 42.0 19.9 2.8 
098 42.8 20 1.7 42 17.2 41.9 20.8 2.4 
102 38.0 14 1.8 40 14.5 40.6 21.3 2.6 
103 42.6 19 1.5 41 15.8 41.6 20.1 2.3 
109 37.9 16 2.4 42 15.8 42.1 19.6 3.3 
110 38.9 20 2.1 41 17.8 41.2 20.2 2.8 
117 37.8 12 1.8 40 13.3 42.3 19.9 3.3 
118 42.4 22 1.7 41 16.0 42.3 19.3 2.4 
119 38.5 10 1.4 36 14.8 41.1 19.7 2.3 
121 37.3 14 1.8 40 14.8 40.6 20.8 2.6 
123 37.0 20 2.0 45 14.8 40.5 20.5 3.0 
129 44.4 20 2.0 42 15.8 39.7 20.6 2.3 
138 34.7 16 2.4 43 15.3 40.3 20.4 3.3 
140 39.6 20 1.7 41 15.6 39.6 21.0 2.4 
141 39.5 18 1.7 39 16.5 40.6 20.7 2.3 
143 39.5 20 1.6 41 14.8 42.2 20.4 2.3 
144 38.6 14 2.1 40 17.7 41.4 21.6 3.2 
152 39.5 12 1.5 40 18.0 41.9 20.8 2.4 
153 32.5 12 1.6 40 15.6 42.1 20.0 2.8 
157 37.6 16 1.4 42 16.1 42.0 21.2 2.2 
162 35.4 11 1.8 39 16.0 42.1 19.7 2.6 
163 36.4 16 1.9 39 14.9 40.6 20.6 3.2 
164 37.9 11 1.7 38 15.9 42.0 20.4 2.9 
175 43.2 20 1.7 45 16.8 42.9 19.7 2.2 
196 40.9 16 1.8 40 17.5 41.7 20.7 2.7 
207 36.5 21 3.2 45 16.1 41.5 21.0 3.8 
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Table 25. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity° ing (in.) (g/100) (%) (%) P.S.C 
AX143-215 39.8 13 1.6 40 16.4 42.1 21.6 2.4 
326 39.8 18 1.5 40 15.3 41.7 19.8 2.3 
iseason 
AX143-178 40.8 23 2.5 43 14.9 42.3 18.8 3.1 
184 38.3 21 1.7 41 14.3 41.6 19.5 2.4 
191 44.3 24 2.2 43 16.9 41.0 20.4 2.7 
192 42.4 26 1.9 41 16.0 41.1 20.0 2.4 
198 38.4 22 2.9 46 15.6 40.4 22.1 3.2 
201 40.1 22 2.3 41 14.5 40.6 21.3 2.9 
203 42.4 21 1.7 41 15.8 41.4 20.6 2.5 
204 41.9 22 1.7 41 16.0 40.2 20.9 2.3 
208 40.2 22 1.5 39 15.0 41.6 20.3 2.5 
211 44.2 25 1.9 42 15.9 39.2 21.2 2.5 
213 35.3 19 1.9 42 15.2 42.1 19.8 2.8 
216 39.4 22 2.7 42 14.8 41.5 19.9 3.5 
218 38.2 24 2.2 42 15.2 41.1 20.4 2.9 
219 41.1 23 1.7 40 15.7 41.7 20.0 2.4 
224 41.3 24 2.2 43 16.8 41.5 19.6 2.8 
226 38.9 20 2.7 44 16.2 40.6 20.8 2.9 
227 45.8 21 1.7 41 17.2 41.4 19.8 2.3 
231 40.9 22 1.5 41 15.0 41.6 20.3 2.3 
232 42.3 24 1.8 40 16.0 40.4 20.9 2.6 
233 35.3 25 2.8 42 16.0 41.3 20.4 2.9 
234 39.2 24 3.2 43 16.7 40.4 20.2 3.3 
235 42.4 24 1.4 39 17.5 41.9 19.6 2.4 
236 41.5 24 1.6 40 15.1 39.8 20.7 2.3 
237 42.3 23 1.7 41 15.8 39.3 20.8 2.5 
243 42.4 25 1.8 43 13.9 39.6 19.5 2.4 
245 42.0 22 1.5 38 15.6 40.5 19.8 2.4 
246 40.0 24 2.4 42 16.2 40.3 21.0 2.7 
248 45.4 25 2.0 43 15.0 40.5 19.5 2.4 
250 42.2 20 1.7 42 16.3 39.9 20.9 2.4 
251 40.6 26 1.9 43 16.1 41.3 20.3 2.8 
252 45.3 22 2.0 44 16.2 40.9 20.1 2.4 
256 44.5 26 2.1 41 15.9 41.0 19.8 2.7 
260 40.2 26 2.3 42 15.4 40.2 20.7 2.5 
261 40.3 24 1.5 42 17.6 40.6 20.6 2.3 
263 45.0 23 2.6 44 15.6 39.9 20.3 2.8 
267 44.1 26 1.7 42 15.2 39.5 20.3 2.5 
269 42.5 22 1.8 43 16.3 41.4 19.6 2.4 
270 45.9 27 1.9 42 15.5 41.5 18.8 2.7 
275 38.8 24 2.4 43 16.6 41.2 20.4 3.0 
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Table 25. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line8 <bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX143-277 46.2 20 1.6 40 16.7 40.5 20.6 2.6 
278 43.5 24 1.6 42 14.5 40.5 19.8 2.3 
280 37.3 23 2.9 45 13.8 41.0 20.6 3.1 
282 41.7 24 2.4 44 16.1 40.9 19.8 2.6 
283 41.9 20 1.8 40 16.6 41.5 20.1 2.6 
290 41.1 25 2.8 45 15.5 40.0 20.5 3.3 
297 43.9 24 2.2 44 16.1 40.2 20.4 2.8 
298 41.5 26 1.9 44 16.1 42.3 19.8 2.6 
317 40.2 18 2.5 42 15.0 40.2 20.6 3.6 
318 40.2 21 1.4 40 15.8 42.2 20.0 2.5 
323 41.4 16 1.5 36 16.1 41.2 20.5 3.1 
Ce 
AX143-348 41.6 26 1.5 43 15.0 41.0 20.0 2.4 
355 41.4 27 2.4 41 16.4 40.6 20.7 3.0 
359 38.4 25 2.6 46 16.1 41.1 20.9 3.1 
360 43.2 30 2.3 44 16.9 41.8 20.7 2.9 
364 40.5 25 1.7 44 16.4 42.0 20.1 2.6 
365 42.3 24 1.7 41 15.4 40.6 20.3 2.7 
366 39.6 26 1.5 39 15.9 40.7 20.3 2.5 
373 36.4 24 2.3 43 16.9 40.6 20.0 3.1 
376 39.4 27 1.9 40 14.4 41.4 19.4 2.5 
377 36.7 30 3.7 44 15.5 40.1 20.4 3.6 
380 41.4 26 1.6 40 15.7 40.1 20.5 2.2 
382 41.6 28 1.8 42 16.2 40.6 20.7 2.6 
384 42.1 29 2.1 47 16.4 39.2 20.6 2.5 
385 40.4 28 1.8 39 14.9 40.2 20.6 2.7 
387 41.4 24 2.3 42 14.9 39.4 21.3 3.0 
399 39.4 26 1.8 40 16.1 40.3 20.3 2.8 
403 45.3 29 1.6 46 15.8 40.2 20.5 2.4 
408 37.6 23 2.8 45 15.3 41.1 19.7 3.3 
411 37.7 24 1.6 41 15.5 41.2 20.2 2.8 
413 39.8 25 1.9 44 15.4 41.0 19.9 2.7 
415 42.2 27 1.9 44 14.1 40.5 20.3 2.3 
419 39.1 26 1.5 44 17.5 40.8 20.2 2.3 
421 44.3 24 1.7 41 16.1 41.4 20.4 2.7 
422 40.1 25 2.2 45 15.7 41.2 19.9 2.6 
424 39.8 27 1.8 43 14.6 40.2 20.8 2.7 
430 42.8 26 1.7 39 16.5 41.4 19.4 2.2 
436 39.6 29 2.1 44 15.9 40.4 20.5 3.0 
437 40.0 23 1.5 40 15.7 40.5 19.9 2.5 
444 42.2 24 1.8 44 15.7 41.9 20.0 2.7 
445 45.4 29 1.6 44 15.9 41.0 20.1 2.2 
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Table 25. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line8 (bu/a) urity* ing (in.) (g/100) (%) (%) P.S.C 
Late 
AX143-447 44.0 27 1.6 42 15.3 39.3 20.9 2.2 
449 38.2 26 1.5 45 15.9 41.2 20.1 2.4 
450 42.3 27 2.0 43 16.5 40.1 20.5 2.6 
453 37.0 27 1.7 42 16.0 40.5 20.0 2.6 
454 45.5 28 2.4 43 15.9 39.4 21.2 2.8 
456 43.3 26 2.0 45 17.1 40.7 20.3 2.4 
458 40.7 26 2.3 43 16.8 40.7 19.9 2.9 
460 44.2 27 1.8 44 15.9 41.4 19.7 2.2 
462 39.7 27 2.7 44 15.8 39.6 20.5 3.0 
463 37.6 28 1.7 38 15.4 39.5 20.1 2.8 
464 46.3 27 1.6 44 16.1 40.7 20.2 2.3 
465 42.8 26 1.7 41 15.7 40.7 19.7 2.6 
466 39.9 27 1.5 42 16.2 40.7 20.4 2.5 
467 45.0 26 1.8 41 16.4 40.3 20.8 2.3 
471 37.9 28 1.7 41 16.8 39.8 21.0 2.8 
478 44.5 28 1.6 43 15.4 38.6 21.4 2.6 
479 40.3 26 1.7 41 16.4 40.6 20.5 2.5 
484 41.8 30 1.6 42 16.6 40.1 20.6 2.4 
486 39.1 26 1.7 42 14.9 40.7 20.4 2.5 
487 38.0 29 2.1 42 15.7 40.7 20.3 2.6 
Early 
AX144-001 41.3 21 2.2 46 16.1 39.3 21.0 3.0 
002 40.8 22 2.7 42 14.4 38.2 22.1 3.7 
003 42.8 21 1.8 42 14.2 39.9 21.6 2.6 
004 38.0 16 3.2 46 15.0 40.0 21.5 3.7 
005 43.7 16 1.5 37 15.3 40.0 21.8 1.8 
007 36.8 21 3.2 44 15.9 40.1 21.2 3.9 
010 39.3 20 1.7 45 15.1 39.8 20.6 2.5 
Oil 47.4 20 1.5 44 15.4 41.1 21.4 2.0 
012 39.7 20 2.4 43 15.7 40.8 21.5 3.0 
013 41.3 19 2.6 44 15.7 40.3 21.4 3.3 
016 42.8 19 1.4 42 15.9 40.0 21.3 2.0 
024 42.3 18 1.7 41 16.2 40.8 20.7 1.9 
025 40.6 21 3.1 44 14.5 39.4 21.4 3.8 
029 43.4 18 1.4 41 15.9 40.7 21.6 2.1 
030 45.7 23 2.0 43 16.8 39.9 22.5 2.9 
031 40.3 17 1.2 39 15.8 40.7 21.4 2.4 
033 39.6 19 1.6 43 15.1 40.3 20.9 2.4 
041 47.0 19 1.6 40 16.7 41.5 20.6 1.9 
043 44.8 19 1.5 41 15.6 40.8 20.9 2.1 
Table 25. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line® (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX144-047 41.2 19 2.2 40 15.8 40.9 21.4 3.0 
049 50.3 22 1.6 44 15.2 41.2 20.7 2.2 
050 42.6 20 2.1 42 15.8 40.6 22.0 2.9 
051 41.1 18 2.1 41 15.6 39.7 21.8 2.6 
056 45.4 18 1.9 42 15.2 39.6 22.3 2.1 
057 38.9 23 1.9 44 14.1 39.2 21.5 2.8 
058 37.7 16 1.9 40 14.9 39.7 21.6 3.1 
059 41.7 18 1.8 42 15.3 40.1 21.7 1.9 
060 37.7 18 2.1 44 14.8 40.6 22.2 2.9 
061 43.6 13 1.3 38 16.6 41.3 21.5 1.8 
062 41.7 20 2.7 41 15.5 40.8 21.2 3.4 
064 38.8 21 1.8 42 15.6 40.1 22.1 3.0 
065 38.9 19 1.4 44 17.1 41.5 21.6 1.9 
067 39.6 19 2.3 44 14.9 38.9 22.7 3.3 
068 38.9 22 2.1 43 15.5 39.8 21.4 2.7 
069 41.6 17 2.5 42 14.2 38.8 22.0 3.5 
071 37.7 20 2.5 48 15.8 40.5 21.2 3.7 
072 36.8 19 1.7 40 14.8 40.3 21.9 2.3 
073 38.5 20 2.7 47 15.5 39.7 21.3 3.5 
075 42.6 18 1.4 42 17.4 40.2 22.3 1.7 
079 45.9 16 1.2 37 15.6 39.9 21.8 1.4 
083 46.7 17 1.3 42 16.6 40.2 22.5 2.2 
086 43.8 20 1.6 41 14.9 39.5 22.1 2.5 
089 45.3 20 2.1 44 14.4 38.9 22.4 2.9 
092 39.6 17 1.6 40 15.4 41.3 21.3 2.4 
094 42.5 17 1.6 39 14.6 39.3 21.7 2.2 
097 42.7 20 2.3 43 14.8 39.6 22.3 3.0 
101 40.6 18 2.6 46 15.9 38.3 21.8 3.5 
104 39.1 16 1.5 43 15.0 39.6 21.9 2.3 
107 43.1 20 1.7 43 17.0 40.5 21.6 2.2 
108 39.4 20 2.3 45 14.2 39.2 21.6 3.1 
iseason 
AX144-006 37.4 24 2.5 44 13.6 40.4 21.7 2.6 
008 37.7 23 3.2 42 13.4 38.4 21.8 3.4 
009 38.1 21 2.2 43 14.9 40.0 21.9 3.1 
015 45.1 22 2.3 46 16.1 39.7 21.7 2.4 
017 40.9 22 2.9 42 15.1 38.7 21.8 3.3 
018 41.7 21 2.0 42 16.1 39.2 21.7 2.9 
019 43.6 25 2.3 44 16.9 40.1 21.0 2.5 
020 45.5 20 1.4 41 14.2 38.4 21.8 2.5 
021 36.0 22 2.8 42 14.5 39.7 21.3 2.8 
022 36.2 24 2.4 43 13.8 37.7 21.9 2.8 
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Table 25. (Continued) 
Seed 
Yield Mat­ Lodg­ Height size Protein Oil 
Line8 (bu/a) urity ing (in.) (g/100) (%) (%) P.S.c 
Midseason 
AX144-023 41.5 22 2.4 45 17.4 40.0 21.2 2.8 
026 42.4 18 1.3 43 15.1 39.0 21.7 1.8 
032 37.6 18 1.7 44 14.8 40.0 20.4 2.6 
034 37.9 22 2.7 45 14.6 38.8 22.0 3.2 
035 38.7 23 2.0 46 15.4 38.2 21.8 2.7 
036 37.4 20 2.1 47 14.6 39.1 21.6 3.0 
037 41.7 22 1.4 44 15.5 38.8 22.1 2.3 
038 45.3 21 1.6 41 15.4 39.5 21.4 2.3 
040 40.0 20 1.4 43 15.7 38.8 21.4 2.2 
042 41.0 21 2.4 42 13.9 38.8 21.5 2.9 
044 39.9 24 2.5 47 14.7 39.5 21.4 2.6 
045 37.8 21 2.6 42 14.3 38.2 22.4 3.6 
052 41.9 20 1.5 42 16.1 40.2 21.5 2.4 
053 45.6 23 2.2 44 16.1 39.5 21.6 2.5 
054 44.8 23 1.4 43 14.4 39.6 21.1 1.9 
055 34.9 20 2.5 46 15.1 39.9 21.6 3.0 
066 37.5 22 3.5 44 14.6 38.7 21.8 3.9 
070 39.5 22 2.4 44 15.9 40.3 21.2 2.9 
080 38.3 22 2.4 42 15.3 39.6 21.7 2.7 
082 40.9 20 2.2 41 14.6 40.0 21.5 2.9 
087 44.1 22 1.6 43 15.3 39.5 21.4 2.4 
088 34.7 18 2.6 40 13.5 38.6 21.6 3.2 
090 38.3 20 1.6 41 16.5 40.2 21.4 2.7 
091 44.3 21 1.4 44 17.3 41.7 20.9 2.6 
095 47.2 22 2.0 44 15.5 40.1 22.0 2.6 
099 41.1 23 3.1 45 16.6 39.7 21.4 3.2 
103 35.5 21 2.7 46 14.9 39.1 21.4 3.2 
105 39.6 21 2.3 40 17.5 41.3 20.9 3.3 
106 39.1 24 2.7 45 16.1 39.4 21.9 2.9 
110 43.8 22 2.0 42 14.8 38.0 22.2 2.8 
126 42.1 21 1.3 42 13.8 38.6 22.0 2.2 
132 39.5 22 1.9 45 15.6 39.6 21.7 2.2 
133 38.0 22 3.0 48 16.2 38.9 21.3 3.0 
144 35.2 18 2.0 40 15.0 41.2 21.1 2.9 
149 36.3 22 3.0 46 14.1 38.1 21.7 3.4 
150 39.5 18 1.3 39 15.5 40.4 21.0 2.6 
156 36.9 19 2.9 45 15.2 40.0 21.9 3.3 
157 37.3 19 1.9 43 16.0 40.1 20.9 2.7 
192 38.9 21 3.0 42 14.2 39.0 21.7 3.4 
198 38.1 21 1.8 40 14.3 38.5 21.4 2.7 
Late 
AX144-115 44.0 24 1.6 45 16.5 39.6 21.5 2.1 
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Table 25• (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.° 
Late 
AX144-116 44.7 23 1.6 46 15.5 39.9 21.7 2.2 
119 38.2 26 1.9 46 16.9 40.2 20.5 2.5 
120 39.1 25 3.2 47 14.2 40.6 21.1 3.5 
123 43.5 22 2.3 46 16.6 40.2 20.9 2.8 
124 33.2 25 3.8 48 14.9 39.7 21.2 3.8 
127 39.1 24 2.0 49 15.0 40.7 20.9 2.6 
128 36.9 26 3.0 47 14.0 39.9 21.6 3.1 
134 36.4 27 2.0 45 15.1 39.4 21.4 2.7 
135 40.5 27 1.8 50 14.2 39.9 20.5 2.3 
137 38.9 25 2.2 46 13.6 39.7 21.4 2.6 
138 39.2 23 2.2 45 16.2 40.5 20.9 2.9 
139 37.1 27 3.2 48 14.8 39.3 20.9 3.7 
140 36.5 22 3.0 43 13.9 40.4 20.9 3.5 
142 38.2 26 2.5 48 16.0 40.5 20.4 3.0 
143 39.9 26 2.1 45 14.6 39.7 21.1 2.7 
145 39.1 25 2.2 40 14.9 40.2 21.3 2.6 
146 39.5 24 2.5 49 15.8 39.9 20.9 3.0 
147 36.5 24 3.0 44 15.6 40.7 21.1 3.4 
151 38.2 24 1.7 46 14.8 40.8 21.3 2.6 
152 42.8 24 1.7 46 15.4 40.1 22.5 2.2 
159 41.5 25 2.1 48 15.3 39.6 21.8 3.0 
160 39.4 24 2.9 45 15.2 40.2 20.8 3.3 
162 41.1 26 1.7 52 15.2 40.5 21.7 2.0 
164 39.1 23 2.8 44 15.2 39.3 21.6 3.4 
168 43.0 22 1.8 45 16.3 40.5 21.2 2.6 
169 35.0 21 3.5 47 14.7 40.9 21.3 3.7 
174 36.2 24 4.1 50 15.3 39.0 21.4 4.3 
176 34.5 23 3.1 45 13.7 40.1 21.3 3.8 
177 44.8 28 1.4 44 16.7 41.6 20.9 1.9 
178 36.2 24 2.7 50 14.8 40.3 21.2 3.2 
180 40.3 24 2.1 47 16.3 40.4 21.1 2.7 
183 43.3 24 2.0 47 16.8 39.3 21.2 2.6 
196 43.6 25 1.7 42 18.3 42.3 20.7 2.3 
197 42.8 20 1.5 41 15.1 41.0 20.6 2.2 
199 36.6 22 3.8 50 15.0 40.4 21.1 3.9 
200 41.8 24 2.2 46 13.5 39.6 21.9 3.0 
201 38.4 24 3.2 50 15.5 39.0 21.5 3.6 
203 37.1 22 2.0 44 15.1 41.4 21.3 2.9 
206 42.9 24 1.9 44 15.4 40.1 21.1 2.5 
207 33.0 24 3.0 48 14.8 40.4 20.8 3.4 
208 39.4 22 1.8 46 15.3 40.6 21.3 2.5 
209 33.5 24 3.5 48 14.8 41.5 20.7 3.5 
213 38.7 24 3.0 44 15.9 40.2 21.2 3.3 
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Table 25. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urityb ing (in.) (g/100) (%) (%) P.S.C 
Late 
AX144-215 37.3 22 2.4 45 15.6 40.1 20.8 2.8 
219 38.8 26 2.4 44 17.4 40.3 21.1 2.6 
224 38.3 25 3.6 46 14.5 38.8 21.7 3.5 
226 40.0 24 1.9 45 14.0 38.9 21.4 2.7 
228 37.4 24 3.3 49 15.2 40.3 21.7 3.7 
229 39.0 24 2.4 48 14.5 39.4 21.3 2.6 
Early 
AX148-001 37.7 18 1.6 44 15.2 39.1 23.2 2.7 
002 37.5 12 1.7 41 14.2 39.9 22.4 2.7 
003 43.0 19 2.7 44 15.7 39.5 22.9 3.3 
005 45.3 22 1.8 45 15.9 38.5 22.8 2.6 
006 41.0 18 3.3 44 15.9 39.6 22.7 4.0 
007 43.4 16 2.1 43 16.3 40.8 22.2 2.8 
008 40.3 15 2.1 42 16.7 39.9 22.5 3.1 
010 41.5 15 2.3 44 15.2 39.4 22.7 3.5 
Oil 40.6 20 2.9 42 15.5 39.0 22.6 3.5 
012 40.0 14 1.6 42 15.6 39.4 23.3 2.8 
013 39.7 15 1.7 45 16.0 38.9 22.7 2.7 
015 37.8 16 2.4 41 15.5 39.4 23.1 3.0 
016 42.7 14 1.9 42 15.4 39.8 22.7 2.8 
018 39.5 19 2.6 45 14.7 38.9 22.8 3.5 
019 39.1 14 2.0 42 16.8 39.8 22.8 2.6 
020 34.9 11 1.9 41 14.7 40.5 22.3 2.9 
021 41.0 18 2.3 42 16.4 40.1 22.5 2.9 
023 40.5 18 2.1 42 14.7 38.6 23.2 3.0 
024 39.3 15 2.3 44 14.7 39.8 22.6 3.3 
025 39.4 16 1.9 42 15.3 39.4 22.8 2.5 
030 43.0 21 2.7 46 15.6 39.3 22.4 3.4 
033 42.1 22 2.0 46 15.4 38.9 21.9 2.6 
034 39.9 14 1.6 42 15.1 39.9 22.5 2.1 
039 37.4 12 2.5 42 14.4 40.3 22.1 3.8 
040 42.9 19 2.5 44 15.8 40.3 21.8 3.4 
044 40.9 20 2.3 46 15.2 39.5 22.9 2.9 
045 34.4 04 1.5 37 15.3 40.4 22.3 3.0 
047 40.1 14 1.8 42 15.6 39.6 21.9 2.7 
048 42.0 20 2.1 45 16.4 39.8 22.0 3.2 
049 44.9 20 2.0 44 17.3 40.9 21.8 2.8 
050 41.6 22 2.8 45 14.9 39.6 21.7 3.3 
054 41.4 20 2.7 44 16.4 40.0 22.4 3.4 
060 40.6 16 1.9 43 17.1 39.8 23.0 2.6 
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Table 25 . (Continued) 
Line 
Yield Mat- Lodg- Height 
(bu/a) urity ing (in.) 
Seed 
size 
(g/100) 
Protein 
(%) 
Oil 
(%) P.S. 
Early 
AX148-062 42.7 20 2.5 44 15.2 39.4 22.7 3.3 
066 40.6 21 2.3 44 15.3 39.8 22.8 2.6 
068 39.9 21 2.5 45 14.6 40.0 22.8 2.9 
069 42.3 19 2.6 45 14.8 40.1 21.8 3.3 
071 44.0 20 2.1 46 14.7 39.9 21.6 3.2 
074 39.1 16 2.3 43 14.5 39.3 22.8 2.9 
077 44.9 22 1.8 44 15.2 38.9 23.0 2.5 
080 41.7 22 2.6 47 15.5 39.9 22.7 3.2 
081 42.2 17 2.6 46 15.1 39.6 23.6 3.0 
082 40.2 14 1.6 40 15.4 40.0 23.0 2.5 
085 43.7 24 1.8 45 13.3 38.1 22.6 2.8 
087 38.1 15 2.0 42 17.4 40.2 23.3 2.9 
088 43.8 21 2.2 46 14.5 40.7 21.7 3.2 
089 38.4 14 2.6 44 14.6 40.4 22.4 3.6 
090 38.3 10 2.0 39 15.6 40.1 22.9 2.8 
092 44.5 22 1.6 45 14.0 39.3 21.9 2.3 
094 41.9 18 1.8 43 15.7 39.7 22.6 2.8 
Iseason 
AX148-004 41.9 27 3.1 49 15.5 39.9 21.7 3.4 
009 39.9 26 2.9 48 14.7 39.1 22.2 2.9 
014 40.4 27 2.9 46 13.1 39.7 21.3 3.1 
017 38.5 26 3.7 48 14.2 39.4 21.4 3.6 
022 43.7 25 3.5 50 15.2 38.9 22.0 3.3 
026 37.5 25 2.6 46 15.7 39.6 21.5 3.1 
027 33.9 27 4.2 46 14.7 40.1 21.1 4.0 
028 35.5 28 3.3 46 15.4 39.0 21.9 3.1 
029 39.4 24 2.2 45 17.1 39.8 21.7 2.8 
031 40.0 25 2.9 47 15.3 38.3 22.7 3.2 
032 37.4 22 2.2 45 16.8 40.6 21.1 2.8 
035 38.8 28 3.5 49 16.6 39.6 21.9 3.3 
036 41.0 22 2.8 45 15.8 40.1 21.4 2.8 
037 39.1 22 3.2 47 14.7 39.8 22.4 3.5 
038 37.1 24 3.2 45 16.5 40.9 21.9 3.3 
041 37.4 25 3.5 49 15.1 38.9 21.5 3.4 
042 37.9 26 3.1 46 16.4 40.0 22.1 3.5 
043 40.4 24 2.1 47 16.4 39.6 22.1 2.6 
052 43.2 26 2.8 48 15.5 39.4 22.0 3.0 
053 41.4 26 2.7 46 16.1 39.0 22.7 3.2 
055 38.4 26 3.5 47 14.5 40.0 21.4 3.4 
056 37.0 28 3.0 47 14.5 40.1 21.4 3.2 
057 35.7 21 3.2 44 14.9 40.8 20.9 3.2 
058 40.8 29 2.0 49 15.1 39.5 21.6 2.6 
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Table 25. (Continued) 
Seed 
Yield Mat­ Lodg­ Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX148-061 38.2 25 2.9 44 14.0 39.2 22.0 3.1 
063 40.0 29 3.2 47 15.9 39.0 21.5 3.1 
064 40.9 25 2.5 46 15.6 39.3 22.1 2.8 
065 39.2 25 3.2 45 14.8 39.2 22.4 3.2 
067 41.2 23 1.9 47 14.9 39.3 21.6 2.7 
070 42.9 25 2.2 47 16.0 39.6 22.2 2.3 
072 41.8 26 3.4 47 15.2 39.4 21.6 3.3 
073 39.4 25 2.9 47 14.7 39.6 22.2 2.7 
079 39.3 25 2.8 46 15.1 39.6 22.3 3.0 
084 43.1 27 2.1 46 14.5 38.3 21.9 2.5 
091 42.0 25 2.6 47 15.7 39.2 22.4 2.8 
093 38.0 22 2.5 46 16.0 41.1 21.4 2.8 
101 40.7 27 3.2 45 15.0 39.2 21.4 3.4 
103 35.5 25 3.8 46 14.8 39.7 21.7 3.6 
106 39.9 26 2.7 49 13.4 39.1 22.0 2.9 
108 40.6 25 2.0 45 15.2 38.5 22.5 2.7 
110 38.8 27 2.7 45 14.5 40.3 21.6 3.1 
111 39.1 25 2.5 47 15.3 39.7 22.3 2.9 
122 41.4 26 2.9 46 15.3 39.3 22.3 3.2 
134 40.5 25 2.5 48 14.1 39.3 21.6 2.9 
138 42.0 26 3.0 47 13.3 39.2 21.7 3.1 
141 43.2 25 2.7 48 17.3 38.7 22.0 2.8 
143 39.5 22 2.3 45 14.6 39.2 22.0 2.4 
148 40.5 24 2.8 46 16.8 39.9 22.6 2.9 
155 35.9 21 3.1 46 15.3 40.7 20.8 3.4 
177 37.9 25 2.5 47 15.3 38.7 21.7 2.6 
Late 
AX148-046 36.0 32 2.1 48 14.8 39.0 21.8 2.9 
051 37.5 34 2.1 50 13.2 38.9 21.4 2.5 
059 39.9 30 2.4 48 13.8 38.9 21.9 3.2 
075 37.6 30 2.8 48 14.3 39.1 21.8 2.7 
076 41.0 32 2.7 50 13.4 39.2 21.5 3.1 
078 39.2 29 1.9 47 14.8 38.5 22.2 2.7 
083 35.2 31 3.1 45 14.9 39.4 21.4 3.3 
100 41.4 25 2.3 47 14.9 38.6 22.2 2.8 
105 36.3 29 2.5 48 15.5 38.7 22.1 2.9 
107 42.2 32 2.4 46 14.1 38.6 21.7 2.6 
109 37.0 26 2.3 48 14.0 39.9 20.9 2.9 
112 40.0 31 1.9 46 14.2 38.9 21.1 2.8 
113 36.5 30 2.7 48 12.4 38.4 21.6 3.0 
114 36.9 29 2.1 47 14.5 39.1 21.4 2.8 
115 38.5 29 2.0 47 14.1 39.0 21.8 2.5 
118 34.8 28 2.3 47 13.2 38.7 21.2 2.7 
137 
Table 25. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Late 
AX148-123 40.6 28 2.5 46 13.6 39.3 21.9 3.3 
125 40.5 30 2.7 47 14.4 38.2 22.3 3.3 
127 43.2 32 2.2 49 16.2 40.2 21.2 2.8 
128 35.6 32 2.6 50 14.3 39.0 21.6 2.8 
130 35.0 30 2.5 49 13.5 38.5 22.0 3.0 
132 38.3 32 1.8 49 15.0 39.2 22.2 2.6 
135 37.7 27 2.2 48 14.3 39.5 21.7 2.7 
136 41.4 31 3.3 49 14.9 39.4 21.1 3.5 
137 42.8 28 2.4 48 15.6 38.4 22.7 2.7 
139 35.7 32 2.8 50 14.5 39.3 22.2 3.2 
140 38.6 30 2.1 49 13.7 38.7 22.3 2.7 
144 35.4 28 2.8 46 14.9 39.3 21.8 3.5 
145 37.5 27 3.2 48 15.2 38.6 23.1 3.5 
146 39.2 28 2.8 47 14.9 39.6 21.8 3.1 
147 32.9 23 2.6 44 16.0 40.7 21.7 3.6 
149 38.5 26 2.1 47 16.5 40.0 21.8 3.2 
151 37.7 29 2.8 47 14.0 39.0 22.1 3.2 
152 39.3 27 2.5 46 15.7 39.6 22.6 3.0 
153 38.7 28 1.6 45 14.2 39.0 21.5 2.4 
154 37.8 29 3.4 45 14.6 39.5 21.8 3.5 
166 38.3 29 2.0 47 14.1 38.5 21.8 2.8 
167 36.7 27 2.4 46 13.8 39.0 22.3 2.9 
169 38.9 29 2.0 48 14.8 39.1 21.9 2.7 
171 39.3 29 1.8 48 13.9 38.5 21.7 2.7 
175 35.2 30 2.9 48 14.7 39.1 22.5 3.5 
176 38.4 30 2.5 46 14.4 39.2 21.8 3.0 
178 36.5 32 2.6 49 14.5 40.0 21.4 2.8 
180 37.5 29 3.0 48 14.6 39.8 21.2 3.5 
181 38.7 30 3.3 47 15.2 40.0 20.7 3.4 
182 39.5 30 2.0 46 14.8 39.4 21.0 2.6 
183 37.4 31 2.8 48 14.3 38.8 22.0 3.1 
184 33.5 29 3.7 47 14.1 40.2 20.9 3.4 
187 40.7 30 2.1 48 15.2 38.7 21.9 2.8 
188 36.1 30 3.4 46 15.3 39.9 21.3 3.0 
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Table 26. Mean agronomie and chemical performance by cross and maturity 
group for the F4-F5 combined generations grown at Agronomy Farm, 
1961 and 1962 and Squaw Creek Bottom, 1962 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity" ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX141-002 40.4 10 1.3 36 16.7 41.6 19.8 2.6 
004 42.0 12 1.4 36 16.8 42.5 19.5 2.5 
005 39.0 14 1.5 39 15.7 41.7 19.8 2.5 
007 43.7 16 1.8 39 17.3 41.7 19.7 2.9 
009 39.9 12 1.3 38 17.3 44.5 19.0 2.4 
011 42.2 11 1.3 40 18.1 43.3 19.9 1.9 
012 39.1 15 1.5 38 17.0 43.1 19.3 3.0 
014 44.1 15 1.6 39 19.1 43.6 20.0 2.6 
016 43.1 14 1.6 40 16.8 42.2 20.2 2.4 
021 41.8 12 1.7 38 17.7 43.5 19.6 3.0 
022 42.1 13 1.6 38 18.4 42.9 19.9 2.8 
029 40.4 13 1.4 38 15.8 42.5 19.6 2.3 
035 42.1 12 1.3 38 16.1 42.4 19.8 2.2 
037 38.2 12 1.6 38 17.2 43.5 19.0 2.7 
038 40.9 15 1.5 40 17.0 42.8 19.9 2.5 
039 40.5 15 1.6 40 17.3 43.9 18.8 2.7 
040 39.2 14 1.4 39 15.6 42.2 19.4 2.3 
041 40.1 15 1.5 37 17.5 41.5 20.0 2.7 
042 40.0 17 1.6 40 16.6 42.5 19.7 2.5 
045 38.3 14 1.7 37 17.1 42.6 19.4 2.7 
046 39.8 12 1.4 37 17.0 43.8 19.1 2.7 
047 41.0 12 1.5 38 17.1 42.7 19.7 2.6 
048 38.5 12 1.7 39 16.8 43.2 19.4 2.9 
064 42.7 15 1.7 38 17.9 42.7 19.2 2.8 
066 41.6 18 1.6 39 17.2 43.3 19.0 2.7 
067 38.6 12 1.4 37 15.4 42.2 20.4 2.5 
068 41.0 10 1.5 36 17.2 42.1 20.1 2.9 
069 39.9 13 1.4 38 16.6 43.1 19.4 2.7 
070 39.8 17 1.6 39 18.0 41.6 20.0 2.6 
071 39.1 9 1.3 37 16.7 43.0 19.7 2.3 
072 39.0 13 1.4 38 17.1 42.6 19.5 2.5 
073 39.3 11 1.3 38 16.5 43.2 19.8 2.2 
074 38.1 12 1.2 37 15.8 42.7 19.9 2.2 
075 41.9 18 1.5 40 17.3 41.7 20.2 2.4 
076 38.1 13 1.5 40 16.5 42.7 19.5 2.6 
077 40.9 11 1.4 37 16.2 41.6 20.3 2.6 
aEach line mean of six replications - two replications each location-
year. 
Days from August 31. 
cPhenotypic score. 
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Table 26. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.° 
Early 
AX141-079 42.4 14 1.6 40 16.6 42.9 19.2 2.1 
082 42.3 15 1.5 39 18.6 42.8 18.9 2.4 
084 41.3 15 1.5 38 17.6 43.1 19.4 2.3 
086 38.1 12 1.4 40 16.0 42.7 19.5 2.3 
087 38.3 16 1.4 39 16.9 42.4 19.9 2.3 
088 41.3 13 1.5 39 16.1 43.1 19.0 2.2 
089 41.5 14 1.6 38 15.7 40.9 20.5 2.6 
092 41.8 16 1.6 40 16.3 41.7 20.0 2.4 
093 39.4 11 1.5 38 15.9 42.4 19.5 2.7 
094 39.6 12 1.3 38 16.0 42.5 19.8 2.2 
098 40.4 13 1.4 39 17.2 43.0 19.4 1.9 
107 38.3 14 1.7 37 17.4 42.3 19.7 2.9 
108 37.1 12 1.6 37 17.5 42.3 19.6 2.7 
109 39.3 15 1.6 38 16.2 42.5 19.4 2.7 
iseason 
AX141-001 40.1 16 1.4 37 16.7 41.8 19.4 2.7 
008 40.7 27 1.5 43 15.0 42.0 18.8 2.3 
013 42.5 22 1.6 37 17.6 41.3 19.5 2.5 
015 43.2 21 1.6 40 17.1 42.3 19.2 2.5 
017 39.6 27 1.7 44 15.4 41.0 19.4 2.8 
023 40.9 18 1.6 40 16.5 42.0 19.2 2.6 
024 45.3 27 1.8 43 16.9 42.5 18.7 2.6 
025 40.8 22 1.7 43 16.1 41.3 19.2 2.5 
027 41.0 16 1.3 39 17.9 42.0 19.5 2.5 
028 41.3 27 1.5 46 14.9 41.6 18.9 2.0 
030 42.4 19 1.5 39 16.5 42.3 19.7 2.2 
031 41.2 20 1.6 39 16.3 42.3 19.7 2.6 
034 40.2 18 1.5 40 17.2 43.1 18.7 2.7 
049 40.1 18 1.7 42 16.4 42.4 19.4 2.8 
050 41.2 25 1.5 43 16.8 43.4 19.1 2.6 
051 41.0 20 1.6 40 16.7 42.4 19.4 2.4 
054 41.6 14 1.3 40 17.7 42.3 20.1 2.5 
055 39.6 18 1.7 40 17.9 42.4 20.1 2.9 
058 39.1 18 1.8 39 17.5 42.4 19.3 3.0 
061 41.8 17 1.4 38 16.7 42.6 19.3 2.4 
063 40.2 18 1.6 39 17.1 43.6 19.3 2.6 
065 40.8 19 1.5 39 16.7 43.1 19.4 2.5 
078 39.2 17 1.6 39 17.0 42.8 19.6 2.8 
080 43.4 19 1.8 41 17.9 42.5 19.6 2.5 
081 41.7 22 1.9 41 17.3 42.4 19.2 2.6 
083 43.1 18 1.7 42 17.6 43.4 19.1 2.6 
091 41.9 23 1.9 40 17.7 43.4 19.0 2.7 
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Table 26. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urityb ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX141-099 41.4 23 1.7 41 18.1 42.7 19.5 2.4 
100 40.8 19 1.9 41 17.4 43.3 19.6 2.8 
102 40.9 25 1.7 44 15.8 40.4 20.4 2.6 
110 40.4 19 1.5 40 16.4 42.9 19.2 2.3 
111 39.5 19 1.7 41 17.3 43.3 19.1 2.6 
120 40.4 27 1.3 42 15.0 41.4 20.1 2.3 
121 41.8 26 1.9 43 15.2 41.5 19.8 2.9 
130 43.2 18 1.6 40 19.1 42.9 20.0 2.4 
133 43.6 19 1.4 41 15.5 43.0 19.3 2.4 
134 43.2 25 2.1 43 15.7 42.1 19.3 2.7 
135 40.0 23 1.8 42 16.8 41.6 19.4 2.5 
136 41.3 24 1.9 44 15.2 42.4 19.2 2.9 
137 44.3 20 1.9 41 19.4 43.0 19.2 2.7 
145 41.7 27 1.6 44 17.0 42.9 19.1 2.3 
146 41.8 19 1.4 41 16.6 43.2 19.1 2.4 
149 42.4 20 1.7 40 16.1 43.1 18.7 2.7 
156 40.3 21 1.6 40 15.9 42.2 19.8 2.5 
157 41.1 27 1.8 42 15.0 41.1 20.0 2.9 
163 43.3 27 1.6 45 16.5 41.7 19.5 2.2 
169 42.7 21 1.8 39 16.6 42.6 19.4 2.8 
170 38.8 23 2.3 41 18.1 42.0 19.2 3.0 
175 39.7 22 1.8 42 15.5 42.0 19.7 2.5 
178 41.7 29 2.0 44 17.0 42.6 18.8 2.9 
Ce 
AX141-019 36.4 34 1.9 46 15.1 41.1 19.2 2.8 
026 38.4 30 1.6 47 16.1 41.6 18.9 2.3 
033 35.6 32 2.2 44 15.0 41.8 19.1 3.2 
043 38.7 29 1.6 46 16.3 42.1 19.0 2.4 
056 37.3 32 1.7 47 14.3 42.3 18.9 2.3 
062 39.4 29 2.3 45 15.1 41.2 18.9 3.1 
085 37.3 30 1.7 45 14.3 40.9 19.2 2.7 
090 38.3 26 1.6 45 16.4 41.9 19.7 2.5 
095 37.5 35 2.7 45 16.5 41.9 18.7 3.3 
097 37.8 29 1.5 46 15.5 41.2 18.8 2.2 
118 38.0 30 2.0 44 16.5 41.9 18.8 2.8 
119 36.7 32 1.9 45 16.0 41.4 18.9 2.7 
122 40.0 28 2.0 46 15.9 41.5 19.2 2.8 
123 39.5 34 1.8 46 16.1 41.0 19.7 2.7 
124 34.7 33 1.8 46 14.0 40.8 19.1 2.5 
125 37.2 33 2.2 46 15.9 41.7 19.0 2.8 
126 39.6 32 1.7 46 16.2 42.3 19.0 2.5 
141 
Table 26. (Continued) 
Seed 
Yield Mat-. Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Late 
AX141-128 37.3 33 1.7 46 17.0 41.4 19.2 2.5 
129 37.1 33 2.0 45 15.2 42.3 19.3 2.8 
131 41.5 32 2.2 45 15.5 41.0 19.2 2.9 
132 38.3 27 1.8 47 15.9 41.8 18.9 2.5 
139 35.6 34 1.8 45 14.1 40.8 19.3 2.7 
140 37.1 33 1.8 46 15.9 41.7 19.6 2.5 
141 36.9 32 2.1 45 16.3 41.4 19.4 3.0 
144 34.0 32 2.2 47 16.0 41.3 20.1 2.7 
148 37.7 33 1.8 45 15.0 41.5 19.2 2.9 
151 38.4 32 1.7 47 16.9 42.3 18.6 2.3 
152 37.5 33 1.7 46 15.0 42.2 19.1 2.7 
153 38.2 31 1.6 46 14.3 42.2 19.6 2.5 
155 40.6 33 1.9 44 15.7 41.1 20.1 2.8 
158 37.3 32 1.8 46 14.8 41.4 19.7 2.8 
159 37.1 36 1.7 46 14.7 42.7 18.7 2.6 
160 38.8 33 1.7 47 14.9 41.9 19.8 2.4 
161 40.4 32 1.9 45 16.1 42.2 19.6 2.8 
162 36.9 36 1.8 47 14.3 40.9 19.2 2.4 
165 36.0 34 1.9 46 14.7 42.0 19.2 2.8 
166 35.9 37 1.9 46 14.5 41.2 19.2 2.8 
167 37.8 35 1.9 45 14.7 41.9 19.5 2.8 
168 38.9 31 1.8 47 15.5 41.4 19.6 2.8 
171 36.3 32 2.1 46 16.7 42.3 19.0 3.0 
172 40.8 33 2.1 46 16.7 42.1 19.2 2.7 
173 38.5 34 1.9 47 15.5 41.9 19.5 2.7 
176 37.4 34 1.8 45 14.4 41.6 19.3 2.3 
180 36.3 34 2.0 47 15.5 42.0 19.1 2.6 
181 38.1 33 1.7 46 16.1 42.6 18.8 2.5 
189 42.3 32 1.9 46 16.0 42.1 19.2 2.5 
209 37.2 33 2.2 46 15.5 41.3 19.6 2.8 
212 42.9 32 1.7 46 16.2 42.1 19.6 2.3 
215 38.1 33 1.6 46 15.2 40.5 19.6 2.2 
220 39.2 34 2.1 46 16.1 42.4 19.0 2.9 
Early 
AX143-001 37.6 17 1.6 38 15.6 41.3 21.5 2.6 
005 38.9 18 1.6 40 15.8 42.7 20.7 2.6 
006 37.2 15 2.0 43 16.0 41.8 19.9 2.7 
Oil 36.9 14 1.8 40 14.6 42.0 20.4 2.8 
013 37.8 18 1.7 39 16.4 40.7 21.5 2.7 
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Table 26. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line3 (bu/a) urityb ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX143-016 42.0 17 1.6 41 16.5 40.0 21.9 2.6 
021 34.2 15 1.4 38 13.8 41.4 20.4 2.3 
023 37.5 18 2.2 40 14.2 42.0 19.9 3.1 
025 39.7 20 1.5 40 15.7 42.1 20.2 2.5 
029 40.8 20 1.4 42 15.3 41.5 20.7 2.0 
033 43.6 15 1.7 42 15.9 42.7 20.6 2.5 
040 38.1 16 2.0 41 15.6 42.4 20.7 3.0 
041 37.8 17 2.2 42 16.5 42.7 20.0 3.3 
044 38.0 22 2.0 41 15.3 41.6 20.1 2.8 
046 40.0 14 1.9 41 15.4 40.9 21.1 3.0 
050 38.2 12 1.8 38 15.3 40.8 20.8 2.9 
055 37.2 15 1.5 39 15.3 43.5 19.4 2.5 
060 36.5 19 1.5 40 16.7 42.8 20.1 2.6 
063 41.5 14 1.5 42 14.4 43.1 20.1 2.3 
086 37.5 20 2.1 39 15.6 42.0 20.2 2.8 
089 42.8 20 1.9 40 17.0 41.3 20.6 3.0 
090 39.7 16 1.3 39 15.5 42.5 20.5 2.3 
094 38.2 16 1.8 40 17.3 42.4 19.7 2.7 
098 42.5 20 1.7 42 16.5 42.5 20.8 2.4 
102 38.9 15 1.7 40 13.8 41.8 20.8 2.5 
103 42.2 19 1.5 41 15.2 42.3 20.0 2.3 
109 39.1 17 2.2 42 15.3 42.6 19.6 3.2 
110 37.7 19 1.9 41 17.1 41.9 20.2 2.8 
117 39.0 12 1.7 39 18.0 42.8 19.9 3.1 
118 40.6 21 1.6 40 15.3 42.6 19.4 2.5 
119 38.1 10 1.4 36 14.1 42.0 19.6 2.3 
121 37.7 14 1.8 40 14.2 41.2 20.5 2.7 
123 37.5 20 1.8 45 14.3 41.1 20.3 2.8 
129 44.8 18 1.8 42 15.1 40.2 20.5 2.3 
138 36.8 17 2.2 42 14.6 41.0 20.2 3.2 
140 41.7 20 1.6 41 15.1 40.2 21.1 2.5 
141 38.4 17 1.6 38 16.0 41.1 20.5 2.3 
143 38.9 18 1.5 41 14.1 42.9 20.3 2.0 
144 39.5 14 1.9 40 17.2 41.7 21.3 3.1 
152 41.4 12 1.4 40 17.3 42.5 20.7 2.2 
153 32.9 12 1.5 39 14.8 42.8 19.8 2.9 
157 38.3 16 1.4 42 15.4 42.6 20.9 1.9 
162 36.6 11 1.8 39 15.3 42.7 19.4 2.7 
163 36.7 15 2.0 39 14.4 41.5 20.1 3.2 
164 38.8 10 1.6 39 15.2 42.2 20.0 2.6 
175 42.7 19 1.6 45 16.1 43.1 19.5 2.1 
196 39.4 15 1.6 40 16.8 42.4 20.1 2.5 
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Table 26. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX143-207 36.7 20 2.8 45 15.4 42.2 20.8 3.5 
215 41.0 14 1.6 39 15.7 42.9 21.1 2.5 
326 39.2 17 1.3 40 14.6 42.1 19.7 2.2 
iseason 
AX143-178 39.6 23 2.3 44 14.2 43.2 18.7 3.0 
184 38.0 22 1.7 41 14.0 42.3 19.2 2.4 
191 42.7 23 2.1 43 16.1 41.9 20.3 2.6 
192 40.9 26 1.8 42 15.3 41.8 20.2 2.5 
198 38.8 22 2.6 46 15.0 40.9 22.0 3.2 
201 39.3 22 2.1 41 14.2 41.2 21.2 2.8 
203 39.9 21 1.7 40 14.8 41.9 20.2 2.7 
204 39.6 21 1.6 41 15.0 41.2 20.8 2.3 
208 38.9 21 1.5 39 14.3 42.5 20.2 2.6 
211 42.9 24 1.8 42 15.1 40.0 21.2 2.6 
213 36.9 14 1.8 42 14.7 42.6 19.6 2.7 
216 38.7 22 2.4 43 14.1 42.3 19.8 3.3 
218 37.7 24 2.0 43 14.7 41.8 20.3 2.8 
219 38.2 23 1.7 40 15.1 42.3 19.7 2.4 
224 40.4 24 2.0 44 15.9 42.2 19.5 2.7 
226 38.7 20 2.3 45 15.3 41.7 20.5 2.8 
227 44.2 21 1.7 42 16.2 42.5 19.6 2.4 
231 39.3 22 1.5 42 14.6 42.5 20.1 2.3 
232 39.9 26 1.7 40 15.4 41.4 20.8 2.5 
233 36.4 25 2.4 43 15.5 41.7 20.3 2.8 
234 38.6 25 2.7 44 16.1 41.3 20.1 3.2 
235 41.4 23 1.5 40 16.6 42.5 19.4 2.2 
236 40.3 24 1.6 41 14.6 41.1 20.6 2.5 
237 40.9 24 1.7 41 15.4 40.2 20.7 2.5 
243 40.9 25 1.7 43 13.5 40.6 19.6 2.4 
245 40.2 23 1.5 38 15.0 41.5 19.7 2.3 
246 39.8 24 2.2 42 15.5 41.0 21.1 2.7 
248 43.3 25 2.0 43 14.5 41.5 19.5 2.5 
250 41.4 20 1.7 42 15.4 40.6 20.9 2.6 
251 39.5 25 1.8 43 15.6 42.3 20.3 2.8 
252 43.1 22 1.8 44 15.3 42.0 20.1 2.3 
256 42.3 25 2.2 40 15.3 41.9 19.8 2.8 
260 39.8 26 2.1 42 14.8 40.8 20.8 2.6 
261 38.8 24 1.5 43 17.0 41.2 20.8 2.4 
263 43.2 23 2.3 43 14.9 40.9 20.2 2.6 
267 42.4 26 1.8 42 15.1 40.4 20.3 2.6 
269 41.5 21 1.7 43 15.4 42.5 19.7 2.5 
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Table 26. (Continued) 
Line 
Yield Mat-. Lodg- Height 
(bu/a) urity ing (in.) 
Seed 
size 
(g/100) 
Protein 
(%) 
Oil 
(%) P.S/ 
Midseason 
AX143-270 43.8 27 1.8 43 15.0 42.2 18.8 2.5 
275 38.7 24 2.2 44 15.9 41.8 20.2 2.9 
277 42.8 20 1.6 40 15.6 41.3 20.3 2.7 
278 42.0 25 1.6 43 14.3 41.1 19.7 2.3 
280 36.4 24 2.5 45 13.3 41.8 20.5 2.9 
282 40.9 24 2.1 45 15.7 41.5 19.8 2.6 
283 40.7 20 1.7 40 16.2 42.4 19.9 2.7 
290 40.0 25 2.6 45 14.8 40.9 20.3 3.1 
297 41.4 24 2.0 44 15.5 41.3 20.4 2.7 
298 39.3 26 1.7 45 15.5 43.5 19.5 2.2 
317 39.0 18 2.2 43 14.1 41.4 20.4 3.3 
318 38.7 21 1.4 40 14.9 43.1 19.8 2.5 
323 39.2 15 1.5 37 15.2 42.3 20.1 3.0 
te 
AX143-348 40.4 25 1.5 43 14.5 42.1 20.1 2.3 
355 40.7 28 2.2 43 16.1 41.4 20.6 2.8 
359 38.4 25 2.3 46 15.3 41.6 20.6 3.0 
360 41.4 29 2.1 44 16.3 41.8 20.4 2.9 
364 38.7 24 1.6 44 15.7 42.0 20.1 2.7 
365 40.9 24 1.6 41 14.8 41.5 20.3 2.7 
366 39.3 25 1.6 38 15.6 41.0 20.2 2.6 
373 35.0 25 2.2 43 16.5 41.2 19.9 3.1 
376 37.7 28 1.8 42 14.3 41.7 19.3 2.5 
377 36.7 31 3.1 44 15.1 41.4 20.3 3.6 
380 39.3 26 1.6 40 15.3 41.4 20.2 2.4 
382 40.8 28 1.7 44 15.8 41.2 20.6 2.4 
384 42.0 30 2.0 47 15.9 40.5 20.6 2.3 
385 40.8 29 1.8 40 14.8 41.2 20.6 2.6 
387 40.1 24 2.1 41 14.6 41.0 21.2 3.0 
399 37.0 28 1.7 41 15.5 41.2 20.0 2.8 
403 44.4 29 1.6 46 15.3 40.9 20.4 2.4 
408 38.1 23 2.5 44 15.0 41.8 19.7 3.3 
411 37.6 24 1.7 41 15.0 41.8 19.9 2.8 
413 39.0 25 1.8 44 14.9 42.0 20.0 2.6 
415 41.0 27 1.8 44 14.0 41.0 20.1 2.2 
419 40.3 26 1.5 44 17.1 41.6 20.2 2.2 
421 42.1 23 1.6 42 15.2 42.3 20.1 2.7 
422 39.7 25 2.0 46 14.8 42.0 20.1 2.5 
424 40.1 27 1.7 43 14.2 40.8 20.7 2.5 
430 41.3 25 1.6 40 15.9 42.4 19.6 2.3 
436 38.9 28 2.0 45 15.5 41.4 20.4 2.8 
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Table 26. (Continued) 
Seed 
Yield Mat­ Lodg­ Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Late 
AX143-437 40.7 23 1.5 41 15.2 41.6 20.0 2.5 
444 41.8 24 1.7 45 15.2 42.7 20.1 2.6 
445 44.7 29 1.6 44 15.5 41.4 20.4 2.2 
447 44.5 27 1.6 43 14.9 40.1 21.1 2.1 
449 39.6 26 1.5 45 15.8 42.1 20.1 2.2 
450 40.8 27 1.8 44 15.9 40.8 20.4 2.5 
453 37.3 28 1.6 43 15.7 41.2 19.9 2.7 
454 43.8 29 2.1 43 15.9 40.3 21.2 2.7 
456 42.4 27 1.8 45 16.8 41.7 20.1 2.4 
458 40.9 26 2.1 44 16.2 41.4 19.9 2.8 
460 42.9 28 1.7 44 15.2 41.8 19.8 2.0 
462 38.5 28 2.4 44 15.4 40.1 20.6 3.0 
463 36.0 28 1.6 39 14.9 40.4 20.1 2.6 
464 44.5 28 1.5 45 15.9 41.3 20.2 2.3 
465 41.4 27 1.7 42 15.4 41.3 19.5 2.5 
466 38.6 26 1.5 41 15.8 41.6 20.2 2.6 
467 43.3 25 1.7 41 15.9 40.9 20.9 2.4 
471 37.6 27 1.6 43 16.4 40.9 20.9 2.6 
478 44.0 27 1.6 43 15.0 40.1 21.2 2.6 
479 41.3 27 1.7 41 15.8 41.1 20.2 2.3 
484 41.7 30 1.6 42 16.3 41.0 20.5 2.4 
486 37.9 26 1.6 43 14.3 41.8 20.3 2.5 
487 36.3 29 1.9 42 15.2 41.7 19.9 2.6 
Early 
AX144-001 38.5 20 2.0 46 15.1 40,5 20.8 2.9 
002 38.4 22 2.7 41 13.5 39.2 21.8 3.5 
003 38.8 19 1.7 42 13.2 41.1 21.1 2.7 
004 35.6 15 2.9 44 14.0 41.0 20.9 3.6 
005 41.4 15 1.6 37 14.4 40.7 21.4 2.3 
007 35.8 21 2.8 42 15.0 41.0 20.9 3.7 
010 37.8 19 1.7 45 14.3 40.7 20.4 2.4 
Oil 45.4 20 1.4 44 14.5 41.8 21.2 2.1 
012 38.2 18 2.2 43 14.5 41.9 21.1 3.0 
013 38.5 19 2.3 44 14.8 41.1 21.0 3.2 
016 41.3 19 1.5 41 14.8 40.6 21.4 2.1 
024 38.9 16 1.6 41 15.0 42.0 20.4 2.1 
025 39.0 21 2.8 43 13.8 40.4 21.3 3.8 
029 40.5 17 1.4 40 14.6 41.5 21.4 2.3 
030 43.3 22 1.9 43 15.8 41.0 22.3 2.7 
031 38.0 15 1.2 39 14.5 41.5 21.1 2.1 
Table 26. (Continued) 
Seed 
Yield Mat-. Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.° 
Early 
AX144-033 37.3 18 1.6 42 14.0 40.8 20.8 2.7 
041 43.8 18 1.5 39 15.6 41.9 20.4 1.8 
043 42.9 18 1.5 40 15.0 41.9 20.9 2.3 
047 40.1 19 2.1 39 14.8 41.7 21.3 3.0 
049 47.1 21 1.6 44 14.5 41.8 20.8 2.2 
050 42.5 18 1.9 42 15.1 41.4 21.7 2.8 
051 39.7 18 1.9 40 14.5 40.5 21.5 2.7 
056 42.2 16 1.8 42 14.3 40.7 21.6 2.2 
057 37.9 21 1.8 43 13.5 39.9 21.5 2.7 
058 37.1 15 1.9 40 14.1 40.6 21.1 3.1 
059 40.0 16 1.6 42 14.6 40.8 21.4 1.8 
060 38.6 18 1.8 44 14.1 41.4 21.8 2.8 
061 39.4 12 1.3 37 15.5 41.7 21.0 2.2 
062 41.0 19 2.4 42 14.7 41.6 21.0 3.1 
064 36.8 20 1.8 42 14.5 40.9 21.8 2.9 
065 38.0 17 1.3 44 15.9 42.2 21.3 1.7 
067 40.0 18 2.1 42 14.1 39.8 21.9 3.0 
068 36.7 21 1.9 43 14.5 40.8 21.3 2.7 
069 40.3 16 2.4 40 13.6 39.7 21.7 3.6 
071 35.7 19 2.3 46 14.7 41.5 20.7 3.6 
072 35.4 18 1.7 40 13.8 41.5 21.3 2.5 
073 39.0 19 2.5 45 14.7 40.6 21.3 3.4 
075 41.2 17 1.4 42 16.5 40.8 21.9 1.8 
079 43.2 14 1.3 37 14.7 40.9 21.5 1.7 
083 43.1 16 1.3 42 15.3 41.3 21.8 2.2 
086 41.4 20 1.7 40 14.0 40.3 21.8 2.7 
089 42.0 19 2.0 43 13.5 39.9 22.1 2.7 
092 37.9 15 1.6 40 14.3 42.4 20.9 2.5 
094 39.1 16 1.6 39 13.8 40.4 21.3 2.5 
097 41.2 20 2.3 42 13.9 40.3 22.0 3.0 
101 39.4 18 2.2 45 15.0 39.5 21.3 3.1 
104 38.5 15 1.4 43 14.0 40.7 21.8 2.4 
107 40.7 18 1.6 43 15.7 41.3 21.2 2.3 
108 37.2 20 2.1 45 13.4 39.8 21.4 2.9 
Iseason 
AX144-006 38.8 25 2.2 44 13.4 41.3 21.8 2.7 
008 38.5 22 2.9 43 12.9 38.9 21.8 3.5 
009 38.6 21 2.0 44 14.4 40.7 21.5 3.0 
015 45.7 23 2.0 46 15.8 40.6 21.6 2.2 
017 40.4 22 2.5 42 14.5 39.6 21.7 3.3 
018 42.5 21 1.9 44 15.4 39.9 21.8 2.7 
019 43.4 26 2.1 45 16.5 40.9 21.0 2.5 
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Table 26 . (Continued) 
Seed 
Yield Mat-. Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX144-020 44.7 21 1.5 40 13.9 39.7 21.9 2.5 
021 36.8 23 2.5 42 14.1 40.5 21.3 3.0 
022 37.4 24 2.2 43 13.3 38.8 21.9 2.6 
023 42.3 22 2.1 46 17.0 41.0 21.1 2.6 
026 42.7 19 1.4 44 14.8 39.9 21 = 6 2.0 
032 37.7 18 1.6 45 14.3 41.1 20.2 2.5 
034 37.6 22 2.6 45 14.1 39.8 21.6 3.3 
035 38.3 22 1.9 47 14.6 39.0 21.8 2.6 
036 36.8 20 1.9 47 13.9 39.7 21.8 2.9 
037 41.8 22 1.5 45 15.0 40.0 22.0 2.3 
038 42.7 21 1.7 41 14.6 40.8 21.1 2.5 
040 39.2 20 1.5 43 15.1 39.9 21.4 2.2 
042 40.9 21 2.2 44 13.3 39.9 21.4 2.9 
044 40.3 24 2.2 47 14.2 40.3 21.3 2.6 
045 37.5 22 2.6 41 13.6 39.4 22.2 3.6 
052 41.0 20 1.5 44 15.4 41.1 21.3 2.3 
053 45.3 23 2.0 44 15.7 40.4 21.5 2.6 
054 45.3 22 1.5 45 14.5 40.4 21.2 2.0 
055 36.9 21 2.3 46 14.7 40.7 21.2 3.0 
066 38.7 22 3.4 45 14.4 39.5 21.7 3.9 
070 40.0 22 2.1 46 15.1 41.2 21.1 2.7 
080 38.8 22 2.1 44 14.6 40.1 21.5 2.7 
082 40.1 19 2.1 42 14.0 40.9 21.4 2.9 
087 42.8 22 1.5 43 14.7 40.2 21.2 2.4 
088 34.7 19 2.7 40 13.0 39.5 21.4 3.3 
090 38.9 20 1.5 42 15.9 41.0 21.4 2.7 
091 44.1 21 1.4 45 16.6 41.9 20.9 2.3 
095 46.2 22 1.8 45 14.9 40.7 21.8 2.4 
099 39.7 24 2.7 46 15.8 40.6 21.1 3.1 
103 35.1 21 2.4 46 14.3 40.3 21.2 3.1 
105 39.7 21 2.1 39 16.9 42.0 20.9 3.2 
106 39.0 24 2.6 46 15.5 40.3 21.7 2.9 
110 42.2 22 1.9 42 14.2 38.8 22.1 2.8 
126 41.5 21 1.3 41 13.5 39.7 21.9 2.2 
132 39.0 22 1.8 46 15.2 39.9 21.7 2.1 
133 37.5 22 2.6 48 15.4 39.8 20.9 2.9 
144 36.0 19 1.9 41 14.5 41.7 20.9 2.9 
149 37.9 22 2.6 46 13.7 39.1 21.6 3.2 
150 39.8 18 1.4 40 14.9 40.7 20.8 2.6 
156 36.6 19 2.5 46 14.5 40.8 21.5 3.2 
157 37.8 19 1.8 44 15.7 40.8 20.9 2.7 
192 38.5 20 2.6 45 13.5 40.1 21.3 3.2 
198 38.6 21 1.8 44 14.0 39.4 21.3 2.6 
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Table 26. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity6 ing (in.) (g/100) (%) (%) P.S.C 
Late 
AX144-115 43.4 24 1.6 44 15.7 40.3 21.6 2.2 
116 42.8 23 1.6 45 14.9 40.3 21.4 2.3 
119 36.7 25 1.8 45 16.0 41.0 20.5 2.5 
120 38.5 24 2.8 46 13.8 40.8 21.2 3.4 
123 42.1 22 2.0 46 15.7 40.7 20.8 2.7 
124 34.8 25 3.3 47 14.2 40.2 21.2 3.6 
127 39.1 24 1.8 48 14.7 41.1 21.3 2.6 
128 37.5 26 2.6 46 13.9 40.3 21.8 3.0 
134 36.8 27 1.8 46 14.7 39.8 21.5 2.7 
135 43.1 27 1.7 50 13.9 40.3 20.8 2.2 
137 39.3 25 2.1 44 12.9 40.4 21.3 2.7 
138 37.4 22 2.0 46 15.2 40.9 21.0 2.9 
139 36.4 26 2.9 48 14.2 40.1 21.0 3.5 
140 35.4 22 2.6 43 13.2 41.3 20.8 3.3 
142 37.3 25 2.2 48 15.4 40.8 20.5 2.9 
143 38.6 26 2.1 44 14.1 40.2 20.8 3.0 
145 37.8 26 2.0 40 14.4 40.6 21.3 2.6 
146 38.8 24 2.3 49 15.6 40.5 20.9 3.1 
147 38.1 24 2.5 44 15.0 41.2 21.1 3.2 
151 39.5 24 1.7 46 14.3 41.0 21.5 2.5 
152 42.1 24 1.7 46 14.7 40.4 22.5 2.5 
159 40.1 24 1.9 47 14.4 40.1 21.6 2.9 
160 38.5 24 2.6 45 14.6 40.6 21.1 3.3 
162 39.3 24 1.6 50 14.6 41.1 21.6 2.2 
164 39.0 23 2.5 43 14.4 40.5 21.4 3.4 
168 43.4 22 1.7 45 15.6 41.1 21.2 2.5 
169 35.2 21 2.9 47 14.3 41.1 21.1 3.3 
174 35.4 23 3.6 49 14.6 40.1 21.1 4.0 
176 35.7 23 2.7 45 13.4 40.7 21.2 3.5 
177 42.7 27 1.4 43 16.0 42.3 20.7 2.1 
178 37.2 24 2.4 50 14.2 40.8 21.4 3.2 
180 41.1 23 1.9 47 15.8 40.9 21.2 2.6 
183 41.5 24 1.9 48 15.8 40.1 21.1 2.6 
196 42.6 24 1.6 43 17.2 42.7 20.6 2.4 
197 40.4 20 1.5 41 14.2 41.7 20.4 2.4 
199 37.1 22 3.3 49 14.4 40.6 21.1 3.7 
200 42.8 24 2.1 45 13.1 40.5 21.6 3.0 
201 38.6 23 2.7 50 15.0 39.8 21.4 3.4 
203 38.2 22 1.9 44 14.6 41.8 21.2 2.9 
206 41.1 24 1.8 44 15.0 40.9 20.9 2.5 
207 34.2 24 2.7 48 14.3 40.7 21.0 3.4 
208 39.8 21 1.7 46 14.7 41.2 21.0 2.4 
209 34.5 24 3.0 48 14.3 41.9 20.8 3.3 
Table 26. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line8 (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Late 
AX144-213 37.6 23 2.5 44 15.2 40.6 21.1 3.1 
215 36.8 21 2.1 45 15.0 40.5 20.8 2.8 
219 39.6 26 2.2 44 16.5 40.8 21.2 2.7 
224 37.8 25 3.3 46 13.7 39.3 21.5 3.5 
226 37.6 24 2.1 45 13.3 39.7 21.3 2.9 
228 36.9 23 3.1 47 14.5 40.8 21.6 3.7 
229 37.9 24 2.2 47 14.0 39.5 21.3 2.7 
Early 
AX148-001 36.9 17 1.6 44 14.3 40.0 22.9 2.7 
002 37.0 12 1.8 42 13.6 40.9 22.0 2.9 
003 41.0 18 2.4 43 14.7 40.5 22.5 3.2 
005 43.4 20 1.8 45 14.7 39.7 22.3 2.4 
006 39.2 16 2.8 44 14.6 40.8 22.2 3.7 
007 42.8 16 2.0 43 15.7 41.3 22.0 2.8 
008 39.7 14 2.0 42 15.5 41.0 22.2 3.1 
010 41.2 15 2.0 44 14.3 40.5 22.2 3.2 
Oil 40.5 19 2.5 42 14.9 40.2 22.3 3.2 
012 38.7 12 1.6 43 14.4 40.6 22.6 2.8 
013 40.0 15 1.7 45 15.4 39.8 22.4 2.7 
015 38.1 15 2.3 41 14.6 40.5 22.7 3.0 
016 40.8 14 1.8 42 14.4 40.6 22.2 2.7 
018 37.8 18 2.3 44 13.8 40.2 22.4 3.3 
019 39.6 14 1.8 42 16.2 40.4 22.7 2.7 
020 34.8 10 1.8 41 13.8 41.2 21.9 3.0 
021 38.9 17 2.2 42 15.2 41.2 21.9 2.9 
023 40.1 18 2.0 43 14.0 39.5 23.0 2.9 
024 38.7 14 2.3 44 14.0 40.7 22.4 3.2 
025 41.7 16 1.7 42 15.1 40.3 22.8 2.5 
030 42.2 21 2.3 45 15.0 39.8 22.1 3.2 
033 43.3 22 1.9 46 14.8 40.0 21.7 2.6 
034 38.8 13 1.5 42 14.3 40.5 22.4 2.1 
039 36.5 12 2.3 41 13.6 40.9 21.7 3.5 
040 41.2 18 2.2 44 14.8 41.2 21.4 3.1 
044 40.5 20 2.1 46 14.3 40.3 22.4 2.8 
045 35.6 6 1.5 38 14.7 41.0 22.3 3.0 
047 37.5 13 1.7 42 14.5 40.7 21.7 2.6 
048 40.6 19 1.9 45 15.3 40.5 21.7 2.8 
049 43.4 18 1.9 44 16.2 42.0 21.8 2.5 
050 39.4 21 2.5 44 14.0 40.6 21.4 3.1 
054 40.4 19 2.5 44 15.1 40.7 22.3 3.3 
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Table 26 . (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urity ing (in.) (g/100) (%) (%) P.S.C 
Early 
AX148-060 39.3 15 1.7 43 15.8 40.9 22.6 2.6 
062 41.6 19 2.3 43 14.3 40.3 22.5 3.2 
066 38.6 20 2.1 44 14.3 40.9 22.6 2.7 
068 39.3 21 2.3 45 13.8 41.2 22.5 3.0 
069 40.3 18 2.4 45 13.7 41.2 21.6 3.2 
071 42.7 20 2.0 46 13.8 40.9 21.6 3.0 
074 38.5 16 2.3 42 13.9 40.4 22.5 3.0 
077 42.8 21 1.9 44 14.4 40.4 22.9 2.5 
080 40.8 21 2.4 45 14.6 40.2 22.5 3.2 
081 41.6 15 2.4 44 14.1 40.8 23.2 3.0 
082 40.4 14 1.6 40 14.8 40.8 22.7 2.5 
085 41.5 23 2.0 45 12.7 39.5 22.2 3.0 
087 37.8 13 2.0 41 16.1 40.8 22.9 3.1 
088 42.7 21 2.0 46 13.7 41.0 21.3 3.0 
089 37.8 13 2.3 44 14.0 41.0 22.1 3.3 
090 38.8 10 1.9 39 15.2 40.4 22.7 2.9 
092 43.0 22 1.6 45 13.4 40.1 21.8 2.2 
094 42.3 16 1.7 43 15.3 39.9 22.3 2.7 
Iseason 
AX148-004 39.2 28 2.8 50 14.8 40.5 21.8 3.3 
009 38.0 26 2.6 49 13.9 39.6 22.2 2.8 
014 38.5 27 2.5 46 12.6 40.6 21.5 3.0 
017 38.1 27 3.0 49 13.8 40.4 21.7 3.4 
022 42.0 25 3.0 51 14.7 39.9 21.9 3.2 
026 38.2 25 2.3 48 14.9 40.8 21.4 3.0 
027 33.8 26 3.7 46 14.0 41.1 20.9 3.8 
028 34.9 26 2.9 48 14.6 39.9 21.8 3.1 
029 37.9 24 1.9 46 16.7 40.7 21.6 2.5 
031 39.8 24 2.5 47 14.6 39.4 22.7 2.9 
032 36.2 22 2.1 46 15.7 41.3 21.0 2.8 
035 39.6 27 2.8 50 16.1 40.5 21.9 2.8 
036 38.7 22 2.5 46 14.1 41.1 21.2 2.9 
037 37.6 22 2.7 48 14.2 40.5 22.2 3.2 
038 36.0 24 2.7 46 15.7 41.5 21.9 3.1 
041 37.2 26 3.0 48 14.5 39.7 21.5 3.3 
042 37.6 26 2.7 47 15.6 41.0 21.8 3.3 
043 38.9 24 1.9 48 15.7 40.7 21.9 2.5 
052 41.5 26 2.5 49 15.1 40.8 21.8 2.9 
053 39.8 27 2.4 47 15.5 40.1 22.7 3.0 
055 37.7 28 2.9 48 13.8 40.4 21.4 3.2 
056 36.0 29 2.5 47 14.1 40.9 21.6 3.2 
057 35.6 22 3.0 46 14.3 41.3 21.2 3.3 
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Table 26. (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line* (bu/a) urityb ing (in.) (g/100) (%) (%) P.S.C 
Midseason 
AX148-058 39.4 28 1.9 50 14.2 40.4 21.7 2.5 
061 37.4 25 2.5 45 13.4 39.9 22.2 3.0 
063 38.8 29 2.7 48 15,3 39.8 21.4 2.8 
064 39.9 25 2.2 47 14.8 39.8 22.4 2.6 
065 37.6 24 2.7 46 14.1 40.4 22.3 3.1 
067 38.5 23 1.8 48 14.3 40.1 21.4 2.8 
070 41.8 25 2.0 48 15.5 40.5 22.3 2.3 
072 38.5 27 2.8 48 14.3 40.6 21.7 3.2 
073 38.9 26 2.5 48 14.0 40.4 22.2 2.6 
079 38.1 25 2.4 48 14.3 40.2 22.4 2.7 
084 41.2 26 2.0 47 13.9 39.4 22.1 2.6 
091 41.1 24 2.4 48 15.1 39.9 22.2 2.7 
093 37.7 22 2.2 47 15.1 42.0 21.4 2.7 
101 39.9 26 2.9 46 14.6 40.5 21.6 3.2 
103 35.6 26 3.1 47 14.2 40.5 21.6 3.3 
106 39.5 26 2.4 50 12.9 39.5 21.7 2.9 
108 39.1 24 1.9 46 14.4 39.2 22.2 2.7 
110 38.5 26 2.4 47 14.0 40.9 21.8 2.9 
111 38.5 24 2.2 48 14.6 40.6 22.2 2.8 
122 40.0 25 2.5 47 14.4 40.2 22.0 3.1 
134 39.6 25 2.2 49 13.7 39.7 21.7 2.7 
138 41.0 25 2.6 49 13.1 39.9 21.5 3.0 
141 40.1 26 2.4 48 16.9 39.8 21.8 2.8 
143 38.1 22 2.1 46 13.9 39.9 21.9 2.4 
148 39.1 23 2.4 47 15.9 40.9 22.3 2.9 
155 35.0 22 2.7 47 14.6 41.5 20.8 3.3 
177 35.9 25 2.4 48 14.6 39.5 21.6 2.7 
te 
AX148-046 36.9 32 1.9 50 14.5 39.8 21.6 2.7 
051 36.4 33 1.9 50 12.9 39.4 21.4 2.4 
059 39.3 31 2.2 48 13.5 39.7 21.8 3.1 
075 38.5 31 2.4 48 13.8 39.7 21.5 2.6 
076 39.4 32 2.3 51 13.0 39.7 21.5 2.9 
078 37.9 30 2.0 46 14.2 39.2 22.2 2.8 
083 35.5 32 2.6 46 14.6 40.1 21.6 3.1 
100 40.0 25 2.1 47 14.4 39.4 22.2 2.7 
105 36.5 30 2.2 49 14.8 29.4 22.2 2.8 
107 40.3 32 2.1 46 13.7 39.9 21.5 2.5 
109 36.4 27 2.1 49 13.5 40.4 21.3 2.8 
112 39.7 30 1.8 46 13.8 39.4 21.2 2.5 
113 36.4 31 2.4 50 12.0 39.0 21.6 2.9 
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Table 26 . (Continued) 
Seed 
Yield Mat- Lodg- Height size Protein Oil 
Line3 (bu/a) urityb ing (in.) (g/100) (%) (%) P.S.° 
Late 
AX148-114 37.5 30 2.0 48 14.1 39.9 21.4 2.7 
115 38.9 30 1.9 48 13.6 39.9 21.7 2.4 
118 35.2 30 2.1 48 12.9 39.1 21.2 2.6 
123 40.3 28 2.3 47 13.2 39.8 21.8 3.3 
125 39.0 29 2.5 48 13.9 39.0 22.3 3.2 
127 40.9 32 1.9 49 15.6 41.0 21.2 2.5 
128 35.4 32 2.3 50 13.9 39.6 21.6 2.9 
130 35.0 30 2.2 50 13.2 39.0 22.1 2.9 
132 38.2 33 1.8 49 14.6 39.9 22.0 2.6 
135 38.0 27 2.0 49 14.0 40.3 21.7 2.8 
136 39.6 31 2.8 49 14.3 40.0 21.0 3.2 
137 41.5 28 2.1 48 14.8 39.2 22.8 2.5 
139 35.7 . 32 2.4 50 14.2 39.9 22.2 2.9 
140 39.1 31 2.1 48 13.4 39.6 22.1 2.8 
144 35.7 29 2.7 46 14.5 40.3 21.6 3.6 
145 36.9 27 2.9 48 14.4 39.1 22.8 3.5 
146 38.4 28 2.5 47 14.3 40.2 21.5 3.0 
147 33.0 24 2.3 45 15.5 41.2 21.6 3.2 
149 38.9 26 2.0 46 15.9 40.7 21.9 3.1 
151 37.3 30 2.5 46 13.7 39.8 21.9 3.2 
152 38.1 27 2.3 47 15.2 40.5 22.2 2.8 
153 38.4 28 1.6 46 13.7 39.5 21.2 2.4 
154 37.7 30 3.0 46 13.9 40.0 21.7 3.5 
166 36.8 30 1.8 48 13.6 39.5 21.8 2.6 
167 36.2 28 2.2 47 13.3 39.7 22.3 2.8 
169 38.6 27 1.8 49 14.1 39.8 21.7 2.4 
171 38.1 29 1.7 48 13.3 39.2 21.6 2.7 
175 35.0 30 2.7 47 14.4 39.8 22.5 3.3 
176 37.5 30 2.3 48 13.8 40.0 21.8 2.9 
178 37.0 32 2.4 49 14.2 40.8 21.6 3.1 
180 37.2 30 2.5 46 14.1 40.4 21.3 3.2 
181 38.6 31 3.0 48 14.7 40.5 20.6 3.4 
182 39.3 31 1.9 47 14.5 40.1 21.2 2.6 
183 36.2 32 2.6 49 13.9 39.7 22.0 3.2 
184 34.3 31 3.2 47 13.9 40.6 21.1 3.4 
187 41.0 32 2.0 48 14.5 39.3 22.0 2.8 
188 36.2 30 2.8 48 14.7 40.6 21.4 2.9 
153 
Table 27. Analyses of variance for all characters in environment one, Agronomy Fai 
Source of variation d.f. 
Held 
(bu/aj Maturity3, Lodging 
Replications 1 .05 276.18** 3.82** 
Maturity Groups 2 30.38 35,026,1^ ** 1.78* 
Crosses 3 107.22 632.10** 7.28** 
Maturity Groups x crosses 6 237.01 981.59** .20 
Error (a) 11 138.56 23.58 .35 
Lines in M.G. in crosses 588 13.68** 15.85** .116** 
Lines in M.G. in AX2)|1 
Lines in - Early 
Midseason 
Late 
1U7 
ii9 
It9 
11.68* 
8.56 
8.26, 
18.20* 
19.61** 
# 
.OU3*4 
.a 
.o: 
.0i 
Lines in M.G. in Axlii3 
Lines in - Early 
Midseason 
Late 
Ik? 
h9 
k9 
h9 
111. 21}** 
17.32 
ISUBL** 
15.88** 
18.25** 
15.66^  
13.73 
.076*" 
.i: 
.9 
.o: 
Lines in M.G. in Ax3J|)| 
Lines in - Early 
Midseason 
Late 
lh7 
19 
h9 
h9 
18.15** ** 
17.96"* 
16.55%: 
19.93 
9.9L** _ 
17.02'"" 
7.19** 
5.32** 
.226* 
.1* 
.2' 
.2: 
Lines in M.G. in AXll;8 
Lines in - Early 
Midseason 
Late 
ihl 
h9 
h9 
h9 
10.66 
10.66 
9. U 
7.02 
17.98** 
27.29** 
10.lib** 
16.17** 
.119* 
.i< 
.u 
.li 
aDays from August 31. 
*F value exceeds 5 percent level of significance. 
**F value exceeds 1 percent level of significance. 
Agronomy Farm, 1961 
Mean squares 
Height Seed Size Oil Protein Phenotypic 
Lodging (in.J (g/100) { % )  score 
3.82** 98.0k .69 .63 12.40** .41 
1.78* 2,789.16** 12.74 10.65** 80.41** .32 
7.28** 1,534.62** 192.87** 446.04*"" 239.41** 7.25 
.20 182.61** 11.64 4.09* 6.80 1.68 
.35 30.89 3.91 1.30 5.82 2.38 
.116** 8.6k** 1.38** .63* 1.21** .31** 
•*&E "Co 'T»; 'T«- •»> 
3= 8F î:î? :1F ':%= S= 
•"SJ- *<»- '-II; "S-
:§- S5P î:ï= ':2- i:',F > 
"se '"B "Sg 'ï? "Se Is 
.223 13.09** 1.19 .52* 1.10** .29 
"I> ''T.- 'Te "Cç ''S; 
S- *5= 5= 'i- :g-
.119** 
** 
.106 
** 
.126** 
-** 
.128*"* 
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Table 27. (Continued) 
Source of variation d.f. Mean 
Yield 
(bu/a) Maturity3 Lodging 
Reps, x lines in M.G. in crosses 588 8.30 2.57 .038 
Reps, x line in M.G* in Alibi 147 8.90 3.24 .018 
Reps, x lines in - Early 49 9.90 1.19 .023 
Midseason 49 6.40 2.72 .016 
Late h9 10.32 5.81 .013 
Reps- x lines in M.RT in 6x"t)|1 147 6.33 2.61 .035 
Reps, x lines in - Early 49 5.94 2.43 .049 
Midseasoti 49 7.54 1.73 .041 
Late 49 5.50 3.67 .014 
Reps, x lines in M.G. in Axllili 147 8.72 1.4% .045 
Reps, x lines in - Early 49 8.52 1.71 .056 
Midseason 49 8.28 1.39 .042 
Late 49 9.37 1.32 .039 
Reps, x lines in M.G. in Axil,8 147 9.23 2.95 .054 
Reps, x lines in - Early 49 8.71 1.91 .062 
Midseason 49 7.10 2.83 .053 
Late 49 11.96 4.12 .048 
Mean squares 
Height Seed size Oil Protein Phenotypic 
Lodging (in. J (g/lOOJ {%) {%) score 
38 2.53 .20 .22 .28 .13 
.018 1.93 .25 .22 .22 .14 
.023 1.56 .26 .23 .22 .12 
.016 2.56 .25 .21 .25 .14 
.013 1.67 .24 .14 .20 .15 
.035 2.37 .17 .18 .23 .11 
.049 1.76 .17 .14 .26 .13 
.041 2.84 .18 .12 .20 .10 
.014 2.49 .15 .26 .23 .10 
.045 2.76 .25 .28 .36 .13 
.056 1.93 .14 .28 .46 .10 
.042 2.62 .29 .29 .28 .15 
.039 3.73 .32 .27 .33 .13 
.054 3.05 .15 .21 .33 .14 
.062 3.08 .14 .17 .28 .12 
.053 3.05 .13 .27 .31 .11 
.048 3.01 .17 .20 .29 .19 
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Table 28. Whole-plot analyses of variance for all characters combined across environne 
Source of variation d.f. Mean 
Yield 
(bu/a) Maturity3, Lodging 
Environments 2 22,707.20* 11,644.45* 115.10** 
Maturity Groups 2 602.20 43,844.82*-* 26.88 
Crosses 3 269.33 1,246.41** 61.02** 
Environment x M.G. 4 210.95 230.56 4.35 
Environment x crosses 6 114.70 54.99 5.19* 
Cross x M.G. 6 331.63 2,475.11** 4.77* 
Env. x cross x M.G. 12 315.41 47.90 1.26 
Reps, in env. 3 1,073.67 547.50 3.20 
Reps, in env. x crosses 9 53.57 30.67 1.49 
Reps, in env. x M.G. 6 273.44 89.67 1.64 
Reps, in env. x crosses x M.G. 18 175.24 61.40 .74 
Fooled 33 179.90 63.52 1.12 
aDays from August 31. 
->F value exceeds 5 percent level of significance. 
**F value exceeds 1 percent level of significance. 
:ross environments one, two, and three 
Mean squares 
Height Seed size frotein Oil Phenotypic 
Lodging (in.; (g/100) score 
115.10** 251.90 2P49.95** 2496.60%* 369.46** 12.32* 
26.88 6,482.60** 69.98 121.00*% 26.75 2.00 
61.02** 3,997.93** 720.15** 736. 6O%*I^ LO5 .95** 20.16** 
It. 35 131.90 54.22** 6.70 4l.l8%* 4.02** 
5.19* 44.43 13.52* 6.27 5.09** 1.78 
1.77* 485.47** 47.46* 18.67 6.48 I.67* 
1.26 47.62 10.31 10.02 5.58%* .39 
3.20 132.47 27.22 18.40 5.78 .85 
1.1:9 152.00 3.60 5.07 .76 1.85 
1.61} 37.67 1.96 2.98 .96 .35 
.71 42.4L 5.74 8.68 1.29 .37 
1.12 61.04 4.32 6.47 1.10 .63 
mce. 
;ance. 
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Table 29» Sub-plot analyses of variance for all characters combined across environment 
Source of variation d.f. Meai 
Yield 
(bu/a; Maturity3 Lodging 
Lines in M.G. in crosses 588 27.101** 36.266** ,715** 
Lines in M.G. in AXUjl lk7 15.88k** _ k5.k20** .22k** 
Lines in - Early k9 16.36k™ 2k.091çt .111** 
Midseason 12.056* 83.355*" .2kl** 
Late h9 19.230** 28.812** .318** 
Lines in M.G. in AX1)|3 Hi? 29.395** 36.607^ * .595** 
Lines in - Early h9 32.260** 53.uia^ : .505** 
Midseason h9 21.530** 3k.056*" .680** 
Late k9 3L.396** 22.325** .599** 
Lines in M.G. in AX1)|)| lk7 kl.785** 20.190** l.klk** 
Lines in - Early h9 38.992** 29.k63** 1.111** 
Midseason h9 k8.32k*; 17.073** 1.337** 
Late h9 38.0k0 lk.013** 1.795** 
Lines in M.G. in AX~1);8 lk7 22.580** k8.8k8 .7k6** 
Lines in - Early h9 26.k00** 80.088** .513** 
Midseason h9 2O.5ki* 21.097** .858** 
Late h9 20.800** 26.565** .811** 
Env. x lines in M.G. in crosses 1176 11.317 3.577** .171** 
Env. x lines in M.G. in .4X1)H 29k 8.159 2.960 .087** 
Env. x lines in - Early 98 7.k06 2.273_ ,0k0 
Midseason 96 7.652 2.997™ .093** 
Late 98 9.AS 3.670 .127* 
Env. x lines in fi.G. in AX.7F.ii3 29k 11.57k 3.823** .lk6** 
Env. x lines in - Early 98 11.262 k.52k .113** 
Midseason 98 12.075** 3.116 .167%; 
Late 96 11.38k 3.630* .lk3 
aDays frcm August 31. 
*F value exceeds 5 percent level of significance. 
'"""F value exceeds 1 percent level of significance. 
oss environments by maturity groups, crosses, and combined 
Mean squares 
Height Seed size Protein Oil Phenotypic 
Lodging (in. ) (g/iou; {%) score 
.715** 18.552** 4.244** 2.591** 1.199** .726** 
4.751** 2.575** .868** .357** 
3.978** 2.961** .952** .396** 
6.465** 3.039Î? .919** .287** 
3.808** 1.726"'" .733** .388** 
4.016** 3.233** 1.796** .580** 
5.984** 4.018** 2.036** .770** 
3.351** 3.567** 2.276** .434** 
2.711** 2.113 1.081** .536** 
4.451** 3.125** .975** 1.369** 
3.004** 3.281** 1.153** 1.813** 
5.732** 3.579** .910** 1.014** 
4.616** 2.516** .862** 1.280** 
3.759** 1.829** 1.157** .596** 
3.463** 1.475** 1.164** .640** 
4.599** 2.273** 1.199** .539** 
3.214** 1.742** 1.207** .609** 
.171** 3.679 .424** .597** .312** .189** 
.224** 11.424** 
* 
.111** 7.456** 
-X 
.241** 22.107** 
-2 
.318** 4.710** 
.595** 21.103** 
* 
.505** 18.676** 
-X-
.680** 21.741** 
* 
.599** 22.893** 
1.414** 28.765** 
•S l.lll** 29.006** 
•R-
1.337** 25.832** 
1.795** 31.458** 
.748** 12.917** 
-X-
.543** 18.784** 
-X-
.858** 8.836** 
-X-
.811** 11.131** 
.087** 
.040 
.093** 
.127* 
2.428 
2.173 
2.796 
2.316 
.492** 
.487 
.566** 
.422** 
.403** 
.401** 
.391** 
.337 
.338** 
.223** 
.170** 
.239** 
.107 
.162 
.140** 2.995 .376** .704** _ 
1
 C
O CM 
.158** 
.113** 2.225 . 346 . 754™ .284* .100 
.187** 2.646 .406** .489** .316 .156* 
.143** 4.113 .375** .868** .265** .138** 
ice. 
ince. 
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Table 29. (Continued) 
Source of variation d.f. Meai 
Yield 
(bu/a) Maturity3- Lodging 
Env. x lines in M.G. in A.Xl/,4 294 14.082 2.821** .213** 
Env. x lines in - Early 98 14.504 3.202* .148* 
Midseason 98 10.737 2.552* .211** 
Late 98 17.005 2.711 .282* 
Env. x lines in M.G. in AXl/,8 294 11.452 4.684 .234* 
Env. x lines in - Early 98 13.108 4.358 .186** 
Midseason 98 12.183 4.454 .266** 
Late 98 9.065 5.239 .251 
Heps, in env. x lines in M.G. in crosses 1764 10.930 2.935 .111 3 
Reps, in env. x lines in M.G. in AX] 41 441 8.516 2.638 .055 
Reps, in env. x lines in - Early 147 8.064 1.841 .035 
Midseason 147 7.694 1.931 .038 
Late 147 9.790 4.142 .094 
Reps, in env. x lines in M.G. in ATI/,3 441 10.059 2.995 .080 
Reps, in env. x lines in - Early 147 12.817 3.442 .055 
Midseason 147 10.044 2.698 .092 
Late 147 7.315 2.845 .094 
Reps, in env. x lines in M.G. in AX144 441 12.165 2.032 .136 
Reps, in env. x lines in - Early 147 11.148 2.108 .100 
Midseason 147 10,618 1.757 .124 
Late 147 16.090 2.231 .188 
Reps, in env. x lines in M.G. in AJ3/,B 441 12.980 4.073 .171 
Reps, in env. x lines in - Early 147 12.492 3.493 .113 
Midseason 147 12.294 3.596 .118 
Late 147 14.153 5.130 .281 
Coefficient of variation 8.37 7.79 17.46 
Mean squares 
Height Seed size Protein Oil Phenotypic 
,7s Lodging (in.) (g/lOO) {%) (%) score 
.213** 4.835** .378** .673** .306** .238** 
)* 
.148* 3.906 .391** .526** .334** .300** 
>* 
.211** 5.463* .336 .442** .247* .192** 
.282* 5.135 .406* 1.050** .339* .222* 
.234* 4.460 .453** .607** .340** .191** 
Î .186** 4.193 .669** .741** .298** .207** 
'* .266** 4.423 .394** .651 .462** .169 
) .251 4.774 .294 .430 .261 .196 
.111 3.408 .257 .319 .194 .133 
.055 2.266 .290 .251 .165 .128 
L .035 1.761 .363 .248 .217 .154 
L .038 2.449 .253 .235 .156 .099 
2 .094 2.588 .253 .270 .122 .131 
.080 3.262 .234 .279 .176 .109 
2 .055 2.911 .306 .337 .193 .138 
8 .092 3.570 .156 .228 .163 .107 
5 .094 3.306 .239 .271 .171 .083 
.136 3.758 .258 .340 .200 .147 
8 .100 2.898 .219 .324 .184 .155 
7 .124 3.684 .256 .272 .172 .125 
1 .188 4.693 .300 .423 .242 .162 
.171 4.346 .248 .407 .237 .148 
3 .113 4.055 .281 .356 .182 .127 
6 .118 4.330 .215 .491 .286 .132 
O .281 4.652 .249 .373 .242 .186 
17.46 4.29 3.33 1.37 2.13 13.52 
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Table 30. Components of variance and covariance by cross and combined 
for and F4-F5 combined 
Source 
Component 
Error Genotype x Env. Genotypic Phenotypic 
*4 F4-P5 4 5 h F4-F5 *4 F4-F5 
Yield x Yield 
Combined 8.300 10.930 .194 2.690 2.682 6.840 4.568 
AX141 8.900 8.516 .000 1.390 1.287 5.840 2.647 
AX143 6.330 10.059 .758 3.955 2.971 7.120 4.900 
AX144 8.720 12.165 .958 4.715 4.616 9.075 6.963 
AX148 9.230 12.980 .000 .715 1.855 5.330 3.763 
Yield x Maturity 
Combined .470 1.371 .000 .380 .720 .615 .949 
AX141 .050 .175 .228 -.285 .128 -.260 .234 
AX143 .430 1.291 .052 .400 .780 .615 1.013 
AX144 .680 1.342 -.003 .820 .414 1.160 .636 
AX148 .700 2.676 -.278 .590 1.560 .940 1.913 
Yield x Lodging 
Combined -.050 -.016 
AX141 -.040 .006 
AX143 .020 .071 
AX144 -.020 -.031 
AX148 -.160 -.111 
.066 
.034 
.100 
.188 
.060 
.140 
-.050 
-.025 
-.250 
-.040 
.229 
.012 
.153 
.605 
.170 
.115 
-.070 
-.015 
-.260 
-.120 
-.254 
.002 
-.175 
-.673 
-.168 
Yield x Height 
Combined .210 .714 
AX141 -.070 .960 
AX143 .620 .866 
AX144 .140 .254 
AX148 .160 .776 
Yield x Seed size 
Combined .410 .458 
AX141 .560 .276 
AX143 .270 .424 
AX144 .530 .514 
AX14S .280 .617 
.146 
.010 
.045 
.492 
.149 
.066 
.078 
.015 
.130 
.072 
.695 .116 .800 .284 
.270 .075 .235 .232 
1.400 .534 1.720 .662 
.500 - .666 .565 -.873 
.600 .934 .680 1.113 
.510 .367 .715 .465 
.420 .385 .700 .457 
.405 .335 .540 .401 
.760 .694 1.025 .823 
.450 .054 .590 .180 
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Table 30. (Continued) 
Component 
Source Error Genotype x Env. Genotypic Phenotypic 
f4 f4~f5 f4"F5 f4 F4"F5 f4 f4"f5 
Yield x Protein 
Combined 
AX141 
AX143 
AX144 
AX148 
Yield x Oil 
Combined 
AX141 
AX143 
AX144 
ÂX148 
Maturity x 
Maturity 
Combined 
AX141 
AX143 
AX144 
AX148 
Maturity x 
Lodging 
Combined 
AX141 
AX143 
AX144 
AX148 
Maturity x Height 
Combined .180 .473 -.158 1.585 1.996 1.675 2.022 
AX141 -.008 .185 -.106 1.794 2.342 1.790 2.337 
AX143 .500 .926 -.344 1.985 1.698 2.235 1.738 
AX144 -.100 .206 -.083 .845 1.394 .745 1.400 
AX148 .330 .577 -.100 1.720 2.549 1.885 2.611 
-.260 -.349 .034 .001 .006 -.125 -.041 
-.030 -.021 .107 .150 .079 .135 .111 
-.090 -.161 .029 -.325 -.250 -.370 -.267 
- .600 -.482 .003 .360 .354 .060 .274 
-.310 -.734 -.005 -.180 -.158 -.335 -.282 
.290 ' .142 .002 .205 .108 .350 .133 
.090 -.500 .228 .045 .016 .090 .008 
.280 .152 -.013 .395 .159 .535 .180 
.580 .265 .106 .270 .089 .560 .169 
.210 .199 - .088 .120 .169 .225 .173 
2.570 2.935 .321 6.640 5.449 7.925 6.045 
3.240 2.638 .171 8.185 7.073 9.805 7.570 
2.610 2.995 .414 6.635 5.464 7.940 6.101 
1.480 2.032 .394 4.230 2.895 4.970 3.365 
2.950 4.073 .306 7.515 6.361 8.990 7.141 
.070 .044 -.015 .090 .188 .125 .190 
.220 .048 .002 -.001 .168 .105 .177 
.030 .052 -.024 .090 .161 .105 .162 
.040 .088 -.034 .175 .210 .195 .213 
-.001 -.013 -.004 .096 .214 .095 .210 
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Table 30. (Continued) 
Component 
Source Error Genotype x Env. Genotypic Phenotypic 
F4 F4-F5 F4-F5 F4 F4-F5 F4 F4-F5 
Maturity x Seed 
size 
Combined .200 .239 
AX141 .320 .183 
AX143 .150 .263 
AX144 .180 .269 
AX148 .130 .240 
Maturity x Protein 
Combined -.030 -.033 
AX141 -.010 -.098 
AX143 -.070 .040 
AX144 -.020 -.070 
AX148 -.030 -.200 
Maturity x Oil 
Combined -.030 -.035 
AX141 .020 -.062 
AX143 -.100 -.094 
AX144 .030 .020 
AX148 -.080 -.015 
Lodging x Lodging 
Combined .038 .111 
AX141 .018 .055 
AX143 .035 .080 
AX144 .045 .136 
AX148 .054 .171 
Lodging x Height 
Combined -.030 .031 
AX141 -.030 .038 
AX143 -.020 -.005 
AX144 -.040 .049 
AX148 -.050 .033 
.070 
.253 
.002 
.014 
.040 
.054 
.055 
.097 
.007 
.060 
.054 
.026 
.034 
.078 
.074 
.030 
.016 
.034 
.038 
.032 
.002 
.002 
.014 
.030 
.033 
-.070 -.297 .030 -.234 
-.365 -.750 -.205 -.635 
.385 .094 .460 .138 
.080 -.036 .170 -.005 
-.365 -.497 -.300 -.443 
-.445 -.373 -.460 -.396 
-.615 - .480 -.620 -.482 
-.515 -.425 -.550 -.450 
-.355 -.258 -.365 -.267 
-.305 -.332 -.320 -.386 
.200 -.020 .185 -.009 
.115 -.083 .125 -.084 
.290 .080 .240 .076 
.415 .103 .430 .133 
-.010 -.181 -.050 -.159 
.039 .096 .058 .124 
.012 .023 .022 .037 
.020 .074 .038 .099 
.090 .200 .113 .236 
.032 .086 .060 .125 
-.040 .166 -.055 .171 
-.010 .019 -.025 .026 
.010 .288 .000 .284 
-.060 .340 - .080 .338 
-.100 .020 -.125 .036 
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Table 30. (Continued) 
Source Error Genotype x Env. Genotypic Phenotypic 
F4 F4-F5 F4-F5 F4 f4"f5 f4 F4"5 
Lodging x Seed 
size 
Combined .001 .005 .002 -.036 -.033 -.035 -.031 
AX141 .006 .019 .002 - .006 .030 -.002 .036 
AX143 .007 .012 .001 -.008 -.010 -.005 -.008 
AX144 .000 -.024 -.005 -.090 -.121 -.090 -.126 
AX148 -.007 .012 .005 -.036 -.031 -.040 -.027 
Lodging x Protein 
Combined -.005 .012 .000 -.018 -.030 -.020 -.028 
AX141 .003 .013 -.002 -.016 - .006 -.015 -.005 
AX143 -.010 .015 -.003 -.005 -.034 -.010 -.032 
AX144 -.009 .004 -.003 -.060 -.109 -.065 -.110 
AX148 -.001 .016 .010 .010 .028 .010 .034 
Lodging x Oil 
Combined -.006 -.008 .001 .003 .002 .000 .001 
AX141 -.010 -.014 -.002 .004 -.005 -.002 -.008 
AX143 -.010 -.002 .000 .004 .017 -.001 .017 
AX144 -.001 -.003 .006 .010 .012 .010 .014 
AX148 -.002 -.012 -.001 -.004 -.017 -.005 -.020 
Height x Height 
Combined 2.530 3.410 .135 3.055 2.478 4.320 3.092 
AX141 1.930 2.270 .080 1.255 1.498 2.220 1.903 
AX143 2.370 3.260 .000 4.015 3.018 5.200 3.517 
AX144 2.760 3.760 .535 5.330 3.988 6.710 4.793 
AX148 3.050 4.340 .060 1.635 1.410 3.160 2.153 
Height x Seed 
size 
Combined -.060 .086 .003 .080 -.091 .050 -.075 
AX141 -.090 .049 .012 -.065 -.275 -.110 -.263 
AX143 -.050 .086 -.010 .175 .062 ,150 .073 
AX144 -.100 .074 .004 .375 .074 .325 .088 
AX148 -.030 .136 .006 -.014 -.224 -.155 -.200 
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Table 30. (Continued) 
Component 
Source Error Genotype x Env. Genotypic Phenotypic 
f4 f4~f5 f4"f5 F4 f4"f5 f4 f4"f5 
Height x Protein 
Combined .080 .062 -.024 -.130 -.139 -.090 -.137 
AX141 .100 .040 .034 -.095 -.114 -.045 -.096 
AX143 .070 .078 -.014 .015 .003 .050 .012 
AX144 .040 .090 -.114 -.230 -.241 -.210 -.264 
AX148 .110 .040 -.004 -.205 -.204 -.150 -.198 
Height x Oil 
Combined -.080 -.092 .022 .045 -.008 .005 -.016 
AX141 -.050 -.074 -.040 -.015 -.053 -.040 -.079 
AX143 -.100 -.079 .034 .120 .056 .070 .054 
AX144 -.002 -.074 .066 .021 .003 .020 .013 
AX148 -.170 -.144 .030 .055 -.040 -.030 -.054 
Seed size x 
Seed size 
Combined .200 .257 .084 .590 .636 .690 .707 
AX141 .250 .290 .101 .515 .710 .640 .792 
AX143 .170 .234 .071 .680 .607 .765 .663 
AX144 .250 .258 .060 .565 .679 .690 1.077 
AX148 .150 .248 .102 .580 .551 .655 .635 
Seed size x 
Protein 
Combined -.020 .017 .003 .095 .175 .085 .179 
AX141 .004 .047 .004 .148 .209 .150 .219 
AX143 -.020 .011 .026 -.060 .036 -.070 .046 
AX144 -.030 .016 .008 .175 .296 .160 .301 
AX148 -.020 -.007 -.026 .100 .159 .090 .149 
Seed size x Oil 
Combined .050 .018 .012 .025 -.016 .050 -.009 
AX141 .060 .012 .014 .020 -.036 .050 - .029 
AX143 .050 .013 .000 .090 .045 .115 .048 
AX144 .050 .020 .016 -.035 -.102 -.010 -.093 
AX148 .030 .027 .020 .020 .028 .035 .039 
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Table 30. (Continued) 
Component 
Source Error Genotype x Env. Genotypic Phenotypic 
f4 f4~f5 f4~f5 f4 f4"f5 f4 f4"f5 
Protein x Protein 
Combined .280 .319 .139 .465 .349 .605 .448 
AX141 .220 .251 .076 .430 .363 .540 .430 
AX143 .230 .279 .212 .615 .421 .730 =538 
AX144 .360 .340 .166 .435 .408 .615 .520 
AX148 .300 .407 .100 .395 .204 .545 .305 
atein x Oil 
Combined -.030 - .066 -.026 -.155 -.137 -.170 -.156 
AX141 -.040 -.038 -.032 -.135 -.105 -.155 -.122 
AX143 -.010 -.062 .009 -.230 -.239 -.235 -.246 
AX144 -.020 -.052 -.068 -.190 -.124 -.200 -.156 
AX148 -.040 -.112 -.009 -.080 -.080 -.100 -.102 
L x Oil 
Combined .220 .194 .059 .205 .148 .315 .200 
AX141 .220 .165 .075 .185 .092 .295 .145 
AX143 .180 .176 .056 .310 .252 .400 .300 
AX144 .280 .200 .053 .140 .112 .280 .162 
AX148 .210 .237 .052 .180 .137 .285 .193 
